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MASONEILAN PRESSURE REGULATORS * AUTOMATIC CONTROLS * RECORDERS * INDICATOR 


Bening every Mason-Neilan product is a 
background of successful manufacturing dat- 
ing back to 1882. Throughout these 63 years, 
it has been intimately associated with petro- 
chemical and other process industries .... 
developing and manufacturing the highest 
quality regulators, instruments, and controls 
... solving their most intricate problems. 
To earn and maintain its enviable reputa- 
tion Mason-Neilan maintains research, appli- 
cation engineering and field engineer depart- 
ments unexcelled in the industry. Behind 
these doors, various groups constantly work 
. - devel- 


together . . . improving products . 


oping new controls and equipment . . . keep- 





Masoneilan Equipment .. ... 


Built up to the job, not down to a price 






IF YOU COULD PEEK 


ing abreast of new processes and anticipating 
requirements. Naturally these activities cost 
money and are reflected in our selling price 
to you. Thus “Masoneilan Equipment is built up 
to the job... not down to a price” takes on 2 
real meaning. A meaning which assures 
dependability and over-all economy of 
operation of all Masoneilan products. 

We suggest that you make use of Mason- 
Neilan’s facilities whenever you have regula- 


tor, control valve, liquid level control or in- 





strument require- 


ments. Our en- 





gineers are always 






at your service. 
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ly DECLINING to accept the compromise pro- 
posed by the Secretary of Labor, management of 
refining companies lost favor with the public. 
Union officials agreed to the proposal shortly be- 
fore a deadline hour and thus 
regained some prestige with 
the public. There may have 
been justification in the refusal 


Nobody Wins 


In a Strike 


to accept arbitration. If so, the 
management side of the labor dispute failed to 
state, its case. 

Now some of the major refining plants of the 
nation have been “taken over” in peacetime. Re- 
course to that was distasteful, even in war. It is 
little short of disgraceful that it should come about 
at a time when the nation needs freedom in busi- 
ness as it needs it in other phases of normal living. 
lf there is a disposition to welcome the coming 
of governmental authority, someone is toying with 
dangerous practice. 

Management in particular should be apprehen- 
sive as to control. One of its handicaps in dealing 
with the strike was the fact of price control. While 
its men were seeking an increase of 30 percent in 
wages, OPA had its price control in hand. Increas- 
ing wages without increasing the selling price of 
merchandise presents its inconsistencies, some- 
thing that did not bother the men at OPA. 

When plants are “taken over” the procedure fits 
into the scheme of more men than show up at the 
ceremony. Each time a little governmental ma- 
chinery has to be set up. Taking over can become 
a habit, which is something that unions as well 
as ownership should break apart rather than en- 
courage, 

When the strikes continued in refining plants, 
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sympathy seemed to be with ownership. The pub- 
lic impression was that union leadership had be- 
come arrogant because of repeated success from 
striking. During the war refinery workers stuck 
by their task so well that they came to V-J day 
with a record far superior to;the men ‘in some 
other industries. Then came the closing of plants 
with such precision that the public response was 
hostile. y 

Finally management made a decision against 
arbitration, which brought hostile response. 

Perhaps the dispute over wages is another in- 
stance in proof of the contention that all sides lose 
in a strike. Certainly the men who work lost 
while off duty. Ownership lost while its plants 
were idle. The public lost by not having sufficient 
gasoline. The government lost in revenue. 

It might be wise if men could meet for a labor 
conference not for settling a strike but for the 
purpose of settling their differences under the 


knowledge that no strike is ever profitable, 


| to shun the responsibility of atomic 
energy are little short of pathetic, The politician 
would bury the discovery, evidently under the im- 
pression that no one is looking and no one will 
search. Nothing could be more futile. 
Not By Scientists are going to continue the 
study of atomic energy. If in the United 
States burial is the choice, the deter- 
mination to learn what has been buried 
will be whetted. 
The world can no more escape the knowledge of 


Burial 
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and service. Important among the Dow | 
materials produced and shipped under this 
strict code are the 
listed below. 
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the atomic bomb than it can escape the knowledge 
of steam energy, which was of the cataclysmic 
order more than a century ago. The question is 
whether or not we keep ahead of or in step. 
Putting the development aside means falling be- 
hind. The knowledge that brought the bomb into 
reality came from Europe, much of it from Axis 
countries. Burial will not thwart investigation, 
even in occupied countries. 

The consequence of shunning the fact of atomic 
energy is well understood by men who shared in 
the development. Dr. Samuel K, Allison, chief of 
the Institute of Necular Studies at the University 
of Chicago, said recently: 

“Unless the government again permits the free 
exchange of scientific information the research 
workers in American will abandon their quests for 
further secrets of atomic power and devote them 
to the study of the butterfly.” 

Meanwhile in Washington Harold L. Ickes 
wants to reserve the site of the first bomb test, the 
Alamorgodo Air Base in New Mexico, as a na- 
tional monument commemorating a “forceful in- 
fluence toward . . . world peace.” Evidently the 
Secretary of the Interior considers the matter of 
atomic energy as dead and ready for its monument. 
The subject is not dead and no monument can 
kill it. 

President Truman has decreed against the sale 
of public lands which contain radio-active min 
erals. Evidently he fails to realize that all matter 
contains potential atomic force, To refuse to sell 
an ore implies the confidence of no further re- 
search That is an assured means of coming up 
against progress elsewhere. 

There is a bill pending in Congress which speci- 
fies the death penalty to anyone who divulges 
atomic bomb secrets to a foreign power. Here 
again there is the false confidence that men in 
foreign countries must have knowledge from this 
country. 

The search for knowledge is not going to die, 
and burial on our part will be a funeral only for 
those so deceived. 


& IS fact that men have learned how to convert 
natural gas into ammonia, formaldehyde, acetyl- 
ene, motor fuel and many other synthetic chemi- 
cals. Full-scale commercial plants are operating at 

ammonia synthesis, and other proc- 


Fact But esses are so well along in pilot-plant 
operation that commercial applica- 
Not Truth | tion is assured. 


Because these intermediate chemi- 
cals can be had from methane, politicians are 
having a round of berating an industry with the 
assistance of distorted economics. For instance at 
the first of the gas hearings before the Federal 





A Gulf Publishing Company Publication 


» Power Commission in. Kansas City, experts in 


chemical processing made much of the geometrical 
increase in value through conversion of natural 
gas into chemicals. 

Thus far the facts support the contention of the 
politician, who would halt the shipping of this 
natural resource at his state line, or the pseudo 
economist who would hold gas underground pend- 
ing the day when it will be used as a choice chemi- 
cal raw material. What these men do not add and 
thus far others have been lax in making plain is 
that the amount of natural gas that can be used, 
even if it replaced all other raw materials, for 
making these choice chemicals is less than 1 per- 
cent of the daily output. 

It is fact that natural gas can be so used; it is 
not true that sufficient demand exists to make 
this use attractive. 

No housewife, having known the convenience of 
gas as kitchen fuel, would subscribe to the proposi- 
tion of holding natural gas underground until it 
can be converted into chemicals, The politician 
who could halt its shipment at his state line, hopes 
for early free movement of automobile tires, whose 
quality is improved by carbon black, whose manu- 
facture is decried by some strict disclipinarians in 
economics. Ink, likewise, gives out its message 
because of carbon-black content. 

Wise use is true conservation of all resources, 
natural gas included. What this natural product 
really needs is more markets, which will increase 
its monetary value. Then it will become profitable 
to store it and the flares and vents of the oil 
country will disappear. 

Holding it in the ground or. within the borders 
of a state will give it lower monetary value, retard 
its expansion as a chemical raw material and 
diminish the revenue it brings to land owners. 


gem Thanksgiving Day, 1945, J. Frank Dur- 
yea is going back to Chicago to take part in the 
reenactment of the celebrated automobile race of 
50 years ago, which he won by covering the dis- 
tance of 54.36 miles, Chicago to Evans- 
ton and return, in 7 hours and 53 min- 
utes, an average speed of more than 7 
miles per hour. 

Some other details of a half-century 
back: the car weighed only 729 pounds ; consumed 
only 3% gallons of gasoline over the route ; water 
consumption was 19 gallons, despite cold weather 
such as 4 inches of snow, slush and frequent 2-foot 
drifts. 

The coming reenactment in Chicago will involve 
six of the oldest cars now available, the one Duryea 
will drive was built in 1896, No. 37, which was sold 
for $1200 by the Duryea Motor Wagon Company, 
Springfield, Massachusetts. 
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In an ordinary globe valve, 

sharp turns often cause exces- 

sive turbulence and increase 

pressure drop. Valve wear is 

accelerated, power is wasted 
and efficiency lowered. Years ago, Edward began 
research on the problem of reducing pressure drop 
through small forged steel valves. 


Here's what happens to flow in an ordinary globe valve. Sudden 
chenges in direction mean excessive turbulence and increased 
pressure drop. Flow like this is a fuel thief—a money waster! 


See 2 9 ee ee see ee 
Long ago, Edward designed 
the 60° stem globe valve as 
the first big step. For the past 
several years, Edward engi- 
neers have conducted a con- 
tinuing and integrated program on flow characteristics 
and pressure drop. Actual flow tests on Edward and 
other valves guided the new design improvements now 
standard in Edward. inclined-stem forged steel globe 
valve construction. 


Special test hook-up for measuring pressure drop and determining 
flow principles through valves. Orifice type flow meters, mercury 
menometers and gages are used to check actual pressure loss. 


> 


a ee ee ee ee ee eee ee ee ee 


This is the flow pattern 

through today’s stream- 

lined Edward inclined- 

stem valves with globe valve 

tightness and gate flow. Flow 
is eased through with no sharp changes of direction. 
With these Edward valves, maximum volume is deliv- 
ered at the equipment where it's needed. Edward 
BETTER VALVES Catalog No. 103 gives dimensions and 
design data on these and other Edward steel valves. 
If there isn’t a copy in your file, write for one today. 


THE EDWARD VALVE & MFG. Co., Inc. & 


EAST CHICAGO, INDIANA 
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on Application of the Thermofor 
ce Catalytic Cracking Process 
In Plants of Moderate 
Refining Capacity 





) H. D. NOLL 
\3 


Houdry Process Corporation 
and 


V. O. BOWLES 


The Lummus Company 


2 1, 1E petroleum refining industry is approaching an 


era which is in many respects unique in its history. 
mes Normally the adoption of new processes and new 
refinery technique must be justified strictly from the 
standpoint of economics and with consideration of 
the quality of products dictated by competitive mar- 
keting conditions. The war years, however, witnessed 
the installation of over one million barrels daily of 
potential catalytic cracking capacity under conditions 
where the consideration of economics was secondary 
to the primary purpose, which was rapid installation 
of plants for aviation gasoline production with the 
minimum expenditure of critical materials. Extensive 
research and development over many years was in- 
tensified during the war, prompted by the necessity 
for producing the maximum of aviation gasoline. 
This resulted in a greatly accelerated rate for com- 
mercial scale adoption of catalytic cracking develop- 
ments. Refining techniquie in catalytic processing 
was advanced in a period of a little less than 4 years 
to an extent which would in all probability have re- 
quired 15 to 20 years of research and development in 
normal times. The developments which have been 
forthcoming and the improved quality of motor fuels 
thus made possible have stimulated automotive engi- 


j neers to develop engine designs which will pass on to 
4 
ll 





the public all of the advantages in performance which 
are made possible by reason of the higher quality 
gasolines which will be available. 

The catalytic cracking capacity already installed 
in this country is equivalent to 23 percent of the 
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FIGURE 1 








Isometric sketch of the reactor kiln section of type of TCC unit 


discussed in the text. 
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nation’s refining capacity and, generally speaking, is 
capable of producing a volume of super-quality motor 
fuel equivalent to 26 percent of the nation’s normal 
peacetime demand for all motor fuels. These esti- 
mates, however, are based upon national averages 
and it should be recognized that the catalytic crack- 
ing capacity, based upon crude runs, whereas refiners 
installed in 52 refineries processing about 2,700,000 
barrels per day of crude and representing almost 60 





of the nation’s refining capacity. This group of re- 
finers has slightly over 40 percent of catalytic crack- 
ing capacity, based upon crude runs, whereas refiners 
representing 42 percent of the nation’s crude capacity 
possess no catalytic cracking whatsoever. In the face 
of this situation, the outlook for the potential postwar 
markets indicates a motor gasoline situation which 
may well be more competitive than at any time in the 
history of the industry. Thus, those refiners equipped 
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FIGURE 2 
Typical flow diagram of 
feed preparation and TCC 

unit. 
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percent of the nation’s refining capacity. The installa- 
tion of catalytic cracking plants both as to capacity 
and location during the war was often determined by 
factors other than those which would normally appl) 
for peacetime considerations. Thus, while the national 
average of installed catalytic cracking capacity is 
equivalent to 23 percent of the nation’s refining 
capacity, this catalytic capacity has actually been 
installed in 52 refineries, representing 58 percent 


102 = £374) 


with adequate catalytic capacity will be able to tak« 
advantage of the improved quality motor fuel the) 
are in a position to manufacture in order to expand 
further the sales of motor fuel in their marketing 
areas, Those who have not installed catalytic crack 
ing facilities will be hard put to meet competitive 
quality and maintain motor gasoline markets. 

The problem of motor fuel quality is even more 
vital to the operators of small refineries who in years 
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past have depended largely upon the gasoline market 
to insure continued profits. It is necessary tg their 
sound economic position and to the strength of the 
petroleum industry as a whole that the operators of 
small refineries be able to meet the challenge of com- 
petitors by producing motor fuel of at least equal 
quality and at a cost which will enable them to 
maintain a satisfactory margin of profit. Houdry 
engineers for some time haye been at work on the 
development of a small integral TCC unit which will 
provide the answer to this perplexing problem. The 
goal was to develop a unit which could process 2000 
to 3000 barrels per day of charging stock catalytically 
with a per-barrel investment and operating cost 
which would be comparable to that for larger plants. 
The design for these small plants has been completed 
and the small integral TCC unit is available to the 
industry. 

While these units embody a number of design 
simplifications, they are nevertheless in principle very 
similar to the large TCC units built for the war pro- 
gram. The experience gained in the design and opera- 
tion of the first units is of course reflected in the 
design and operating simplicity of this latest Houdry 
development. The simplifications include integral 
elevator design for both spent and regenerated cata- 
lyst. Further, it has been possible to eliminate vapor 
superheaters through increase in catalyst rates. In 
addition, since the small units are of more compact 
design, it has been possible to reduce the overall 
height and simplify the structure substantially. 
Simplifications in this design result in savings in both 
operating and maintenance cost, and make it possible 
for refiners with small staffs to service units with 
their normal maintenance crews. The TCC kiln and 
reactor section of the small unit require a space of 
about 40x 30 feet, making conversion of existing 
thermal crackers into catalytic units a very practical 
consideration. Figure 1 shows an isometric sketch of 
the reactor kiln section of this type of TCC unit. 

Heretofore, most methods of refinery octane im- 
provement have depended upon a sacrifice in gasoline 
output in order to improve quality. Catalytic cracking 
stands alone aS a major refining tool with which high- 


quality motor fuel may be obtained without sacrifice 
in ultimate output. In fact, catalytic cracking in- 
creases the overall yield of gasoline from a barrel of 
crude and reduces the yield of residual fuel oil. In this 
sense, it can be said that catalytic cracking in effect 
converts refinery residual fuel oil into motor gasoline 
and at the same time improves the octane number of 
motor fuel by a substantial margin. 

The value of catalytic cracking to a refiner will, of 
course, depend upon a number of considerations. 
Perhaps the most vital of these are two: 

1. The relation of refinery gasoline price to residual 
fuel price. 

2. The octane level required of housebrand and 
premium fuels. 

While only a thorough analysis of his individual 
situation will give the refiner his final answer, a gen- 
eral study will usually indicate trends. 

With this in mind, an attempt has been made to 
present herewith a general study of the economics of 
catalytic cracking for a refiner processing 10,000 
barrels per day of crude oil. There is included within 
this paper a detailed analysis of all of the cases 
studied together with the basic assumptions employed 
to permit application of the general conclusions of 
this study. to a particular problem. 

The following basic cases have been considered: 

1. Two-coil thermal cracking with varying depth 
of reforming and catalytic polymerization. 

2. Visbreaking, once-through catalytic cracking, 
thermal cracking of the TCC cycle stock, and cata- 
lytic polymerization, including varying depths of 
reforming. 

3. Visbreaking, recycle catalytic cracking, thermal 
cracking of the cycle stock and catalytic polymeriza- 
tion. Reforming was not employed. 

Visbreaking, recycle catalytic cracking, and 
catalytic polymerization. Thermal cracking was not 
required as the light catalytic cycle stock was used as 
No. 2 fuel oil and the heavy catalytic cycle stock in 
No. 6 fuel blends. 

Those four cases have been based upon the as- 
sumption that 1500 barrels per calendar day of 


TABLE 1 
Summary of Voarty Sn Retirement Ported and sdaretettinn 6 End of es Years After ‘tavestment Retirement 
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Case No... my l 2(C) 3 nc { 9 10 
Octane No. 76 76 76 | 76 
Type of Process* (1C) D, Th, VB D, VB, TCC, Th. | D, VB, RTCC, Th. | D, VB, RTCC 
Investment $1,400,000 $2,755,000 $2,905,000 $2,510,000 
Earnings/Year. 1,239,000 1,547,000 1,641,000 1,632,000 
Payout, Years 1.13 1.78 1.77 1.54 
Earnings End 10 Years 10,990,000 | 12,715,000 13,505,000 | 13,810,000 | 
cc's TEL/Gallon. . . . 2:10 0.85 0.75 0.75 | 

Piss Cae ee SE ee MED A ae 
Octane No. 78 78 78 78 
Type of Process* (1B) D,LR,Th,VB | OD, VB, TCC, Th. | D, VB, RTCC, Th D, VB,RTCC | 
Investment $1,550,000 | $2,755,000 $2,905,000 $2,510,000 ; } 
Earnings/ Year 1,164,000 1,475,000 L 567,000 1,564,000 é | 
Payout, Years 1.33 1.87 | 85 1.60 | : 
Earnings End 10 Years 10,090,000 11,995,000 12 765, 000 13,130,000 
e's TEL/Gallon. mt 1.60 30 1.20 1.20 : 

ET See, ee Lee Se ee | a ot eee hein i 

Octane No. 80 | 80 80 | 80 80 
Type of Process* (1A) D, HR, Th, VB | D, VB, TCC, Th. | D, VB, RTCC, Th. D, VB, RTCC D, A, HR, Th D, A, TCC, Th 
Investment... .. $1,640,000 $2,755,000 $2,905,000 $2,510,000 $1,745,000 $2,945,000 
Earnings/Year . 1,015,000 1,380,000 1,469,000 1,480,000 993, 1, 424,000 
Payout, Years. . 1.62 2.00 1.9 1.70 1.76 07 
Earnings, End 10 Years 2 8,510,000 } 11,045,000 | 11,785,000 12,290,000 8,185,000 i 295, 000 
ce’s TEL/Gallon. can 2.00 1, | 1.80 1.75 00 2'00 
Octane No. 82 82 | 82 82 82 82 
Type of Process* (1A). hove D, HR, Th, VB D, VB, TCC, Th. | D, VB, RTCC, Th. D, VB, RTCC D, A, HR, Th. D, A, TCS, Th. 
Investment......... hans $1,640,000 $2,755,000 | 2,905,000 $2,510,000 | $1,745,000 $2,045,000 
Earnings/Year. 898,000 1,246,000 1,338,000 1,365,000 857,000 1,282,000 
Payout, Years. ; 1.83 } 2.21 2.17 1.84 2.04 2.30 
Earnings, End 10 Years Ress 7,340,000 9,705,000 10,475,000 11,140,000 6,825,000 9,875,000 
ec’s TEL/Gallon Steedeaas 2:90 | 2.75 2.60 | 2:50 3.05 2:90 











* Code:—D—Diesel Fuel to Sales. | HR—Reforming 1600 BPCD. 
Th yyy Cracking Virgin or TCC Gas oils. 


under Case 
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LR—Reforming 1050 BPCD. 
VB—Vis Breaking Tar Separator Bottoms or other reduced crude. 


RTCC—1:1 Recycle TCC Cracking 


TCC—Once ay 2 TCC Cracking. 
(1A), (1B), (1C) refer to subcase 


alt to Sales. 
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TABLE 2 


Summary of Economics 
(Diesel Fuel to Sales) 


Case No. 
REVENUE 


¢/Gal. 








ih 


B/CD | $/Day 


iB 
B/CD | | $/ Day | 


ic | 
B/CD | | $/Day | 
| 


2A 


B/ D | $/ Day'| 


ay | B/ cD $/Day 


3 
B/ DC | ‘$/Day_ 


4 
“B/CD | $/Day $/Day 





10 Ib. R.V.P. Motor Gasoline 
Kerosine. . . 

Diesel Fuel 

No. 2 Fuel. . 

Residual Fuel 

Dry Gas (F.0.E.) 

Excess Butane 


Total Revenue 
Operating Costs: 
Crude 
Crude Distillation 
TCC Cracking 
TCC Gas Plant 
Therma! Cracking® 
Debutanization* 
Catalytic Poly 
Gasoline Inhibitor 
Taxes, Interest, Insurar « 
T.C.C, Royalty 
Thermal Royalty 
Cat, Poly. Royalty 
TEL to 76 CFRM (Mce's 
Total Operating Costs 
Earning $/Day 


TEL to 78 CFRM (Mee's 
Earnings $/Day 


TEL to 80 C ‘FRM (Mec's) 
E parnings $/Day 


TEL to £2 CFRM 
Earnings $/Day 


(Mee's 





Investments (Process Equipment only 
Crude Distillation 

TCC Catalytic Section 

TCC Fractionation Section 

TCC Gas Plant 

Thermal Cracking and Gas Plant 
Catalytic Polymerization 


Total 


' Based on 75 percent Housebrand + 


Case No. 


Revenue 


| 6.250! 


4.250 
3.625 
3.625 
2.145 
2.145 
1.450 


¢/Gal 


4,7 740| 12,443 
1,500; 2,678) 
1,100) 1,675) 


1,860) 
628 


2,067 
698) 


20! 12) 


| 
19,296 


10,000 
10,000 


14,000 
420| 


751 
18 
180 157 

4,740 5} 

225 


6,100 


6,100 183 
180 38 
149 269 


16,066 
3,230 


430 
3,069 
2,782 


1,039 
2,460 


4, onl 12,713} 
1! 
1°10) 


2,045 
636} 


19,479 


10,000 
10,000) 


14,000 
420 


706 
16 
147 


5,540 


153 
4,843 
21: 


166| 
32 
402 


5,540 
153 
223 


16,106 
3,373 
586 
3,189) 


879 
2.896 


1,281 
2,494 


4,975| 
1,500 
1,100] 


13,059} 
2,678) 
1, 675| 


1,803 
470) 
| | 
| 


2,003) 
522 


19,685). . 


14,000! 
420| 


10,000 
10,000 


4,500 585 
il 
106 130 

4,975 5 

192 


4,500 135 
106 22 
439 790 

16,290 

3,395 

606; 1,091 
3,094 


1,429 
2,756 


794 


1,993 
2,192 


14,033 
2,678 
1,675 


1,500 
1,100 





1,391 
685 617 
132 81 








10,000! 
10,000 
3,650) 


14,000 
420 
540) 

| 212) 

4,782 586) 

310) 
5,346 


3,650 
3,282 
310 

29 53| 

16,810) 

3, 526) 

M1) 

3,438 


295 
3,284 


164 


525 
3,054 


1,252| 


-.| 20,336 








5,491 


3,650 
2:722 82 
287 60| 
69} 125) 
16,790! 
3,815 
150| 270 

| 3,670 


3,468 
747 
3,193 


5,722! 
1,500) 
1,100) 


1,327| 
509 


21,025 

10,000; 14,000 
10,000 
3,650 540 
212 
378 
26 
238 179 
2 6 
377 

3,650 183 
1,682 50 
239 50 
204 367 


3,182 


5, 


16,788) . 


4,237 
312 562 


457 823 


3,781) 


661 1,190 
3,414 


420) 


4,042 


5,941 
1,500 
1,100) 


15,595 
2,678 
1,675 


1,078} 
478 
70) 


. 


10,000 





10,000) 
27,310) 
2,487 
259 
5,941) 
| 


3,655 
987) 
259 
187 


16, 895) 
4,496 


539| 
808) 
4,02! 


1, 168| 
3,665) 


4,294) 


5,516) 


1, 1100 1,675 
658} 1,002 
949) 854 
329) 296 

74 45 


14,480 
2,678 


21,030 


10,000 
10,000 
27,310 


14,000 
420 
710 

1,500 


229 
5,516 


"3,655 


229 48 
174 313 


183 





$350,000 


1,080,000 
210,000 


$1,640,000 


25 percent Premuim Fue 


5A 
B/CD | $/Day 


$350,000 


1,010,000 
190,000 


$1,550,000 


> Total Feed 


$350,000 


890,000 
160,000 
$1,400,000 


I: Rec vele 


TABLE 3 


$350,000 
650,000 
475,000 
470,000 
760,000 
285,000 


$2,990,000 


3 Total for The coal Crac tin and Gas s Plant. 


Summary of Economics 
Fuel to Cracking) 


(Diesel 


5B 


B/CD | $/Day 


5C€ 


B/CD | $/Day 


6A 
B/CD | $/Day | 


$350,000 
650,000 
475,000 
470,000 
685,000 
270,000 


$2,900,000 


6B 
B/CD | $/Day | 


$350,000 
650,000 
475,000 
470,000 
565,000 
245,000 


$2,755,000 


4 


6C 


B/CD | $/Day 


$350,000 
725,000 
575,000 
520,000 
480,000 
255,000 


" $2,905, 000 


U tilitie »s only 


B/CD | $/Day 


$350,000 
725,000 
575,000 
520,000 
100,000 
240,000 


$2,510,000 


B/CD 





10-Ib. R.V.P. Motor Gasoline 
Kerosine 

No, 2 Fuel 

Residual Fuel 

Dry Gas (F.0.E.) 


Excess Butane 


Total Revenue 


Operating Costs: 
rude 


‘rude Distillation 
TCC Cracking 
TCC Gas Plant.. 
Thermal Cracking® 
Debutanization* 
Catalytic Poly 
Gasoline Inhibitor 
Taxes, Interest, Insurance 
TCC Royalty 
Thermal Royalty. 
Cat. Poly. Royalt 
TEL to 76 CFR) 


Total Operating Costs 
Earnings $/Day 


TEL to 78 CFRM (Mce's) 
Earnings $/Day : . 


TEL to 80 C FRM (Mce’ s) 
Earnings $/Day 


TEL to 82 CFRM (Mcc's) 
Earnings $/Day ; 


(Mec's) 


6.250! | 


4.250 


| 3.625 


2.145 
2.145 
1.450 


5,529 
1,500 


14,514 


2,678 
2,264; 2,038 
R88 799 
21 13 
20,042 


10,000 
10,000 


14,000 
420) 


7,200 
229 
5,529 
7,200 
229 
197 


3,479 

878 
3,165) 
1,296 
2,747 


14,800 
2,678 


2,018 
743 


20,239 


10,000 
10,000) 


14,000 
420 


813 
21) 
204 166 
5,638 6 
240 


6,640 


6,640 199 
204 43 
225) 405 


16,313 
3,926 
639) 
3,692 
959 
3,372 


1,407 
2,924 


15,236 
2,678 


5,804 
1,500) 
2,200 

711 640 
20,534 


14,000 
420 


10,000) 
10,000 


693 
17 
69 115 
5,804 6 
210 


5,600! 


168 
15} 
856) 


5,600 
69 
475 


16,506 
4,034 


1,185 
3,705 


1,580 
3,310) 


2,194] 
2,696 


1,980? 


16,191 
2,678 
1,611) 1.450) 
826 743] 
115 70 


6,168 
1,500 


| “21, 132/ 


14,000 
420) 
627 
235 
631 

41 
378 228 

f,138 6 

450 

238) 


10,000 
10,000 
4,755 


8,307 


4,755 
3,807 114 
378] 80) 
39) 70) 
17,140) 

3,992) 

— — | 

186 

3,876 


373| 


3,689 
699) 
3,363) 


389 


16,561) 
2,678) 


6,309) 
1,500 


1,589 1,430 
764 688 
70) 43 


2, 400 


10,000) 
10,000 420) 
4,755) 627) 
235) 
587) 

362} 222) 
6, 309) 6 


14,000 


4,747 


252) 453 
| 3,959) 


424) 763 


: | 3,649 


6,541 
1,500 


17,170 


1,392 
585 


1,547| 
650 


10,000 
10,000 
4,755 


14,000 
420 


235 
3,707 


6,541 i 
422 
238 

66 


4,755 
2,207 
313 
206 
17,100 
4,725 


371 


330) 
4,502) 


$90| 
4,206 


495 


1,335 
3,761 


2,678 


21,825) 


627) 


428 
35)... 
313/185] 


66) 


594 


6,796} 17,840) 
2,678 

| oar said 
552 497 

61 


22,181) 


10,000) 14,000 
10,000 420) 
29,510 868) 
Wee Be 
2,808} 344! 
43| 
331; 211 
6,796 7| 
: 465| 

4,755 238) 

| 1,308) 39) 
331 70 
171; 308) 


17,260) 

4,921| 

294] 529| 
822] 
4,407) 


457) 
671| 1,207 
4,022 


4,700)... 


6,239 
979 
949 
375 

94 


10,000 
10,000 
29,510 
1,500 


290 
6,239 


4,755 


290 


726 
731 
4,476 


1,061 
4,146 


590 





Investments (Process Equipment Only): 


Crude Distillation 

TCC Catalytic Section 

TCC Fractionation Section 
TCC Gas Plant Section 
Thermal Cracking + Gas Plant 
Catalytic Polymerization 


Total 


' Based on 7! 


104 = {376} 


$350,000 


1,250,000 
240,000 


$1,840,000 


$350,000 


1,175,000 
225,000 


“$1, 750,000 


$350,000 


1,060,000 
125,000 


$1,535,000 


$350,000 


320, 000 


$3, 290, 000 
| 


$350,000 
725,000 
575,000 | 
520,000 
740,000 | 
310,000 
220, 000 | 


i 


$3, 


$350,000 
725,000 
575,000 
520,000 
625,000 
285,000 


$3,080,000 


$350,000 
900,000 
700,000 | 
630,000 
520,000 
295,000 


$3,395,000 * 


$350,000 
900,000 
700,000 
630,000 
100,000 
275,000 


"$2,955,000 








5 percent Sesshannd + 25 percent Premium Fuel. 


2 Total Feed—1:1 Recycle. 


Petroleum Refiner—V ol. 24, No. 10 


3 Total for Thermal Cracking and Gas Plant. 4 


Utilities only. 





Earning 


Earning 
TEL to 
Earning 
lovestm 
rude I 
\scuum 
ICC Cs 
TCC Fr 
TCC G: 
Therma 
atalyti 


tobe) 


Day 


—— 


4,480 
2,678 
1,675 
1,002 
854 
296 
45 


1,030 


4,000 
420 
710 
223 
107 
30 
175 
6 
344 
183 


48 
313 
6,559 
4,471 
500 
4,284 
730 
4,054 


1,043 
3,741 





1.000 
420 
NOS 
247 
107 
34 
197 
405 
238 


2N3 


NTI 
1,924 
48] 


1,726 


731 
1,476 


| 061 
1,146 


0 
0 
() 
1 
(0) 
0 


0 


10 
































TABLE 4 
Summary of Economics 
(Diesel Fuel to Sales) 
Case No. | 9 10 ° 
Revenue | ¢/Gal | B/CD| $/Day | B/CD | $/Day 
10-b. RVP Motor Gasoline | 6.250* 4,710} 12,364 5,708) 14,984 
Kerosine ; 4.250 1,500 2,678 500) 2,678 
Diese! Fuel . | 3.625 1,100 1,675 1,100) 1,675 
Residual Fuel | 2.145 1,429 1,286 755) 680 
\sphalt. 3.750 600 945 600) 945 
Dry Gas (F.0.E.) 2.145 670 603 445) 400 
Exeess Butane 1.450 36 22 } 
Total Revenue : | 19,303 | 21,362 
Operating Costs: 
Crude : 10,000 14,000 | 10,000 14,000 
Crude Distillation 10,000 420 | 10,000 420 
Vacuum Reduction | 3,000 150 | 1,500 118 
TCC Cracking gem 3,900 565 
TCC Gas Plant. 217 
Thermal Cracking f 5,500 675 1,799 355 
Debutanization}. . | 18 | 34 
Catalytic Poly 188) 159 | 244 18 
Gasoline Inhibitor 4,710 5 | 5,708 6 
Taxes, Interest, Insurance 239 | 403 
TCC Royalty 195 
Thermal Royalty 165 54 
Cat. Poly. Royalty 188 39 244 51 
TEL to 76 CFRM (Mcc’'s 158 284 216 389 
Total Operating Costs 16,154 16,988 
Earnings, $/Day 3,149 4,374 
TEL to 78 CFRM (Mce's 267 481 324 583 
farnings, $/Day 2,952 4,180 
TEL to 80 CFRM (Mee's 396] 713| 479, 862 
farnings, $/Day 2,720 3,901 
TEL to 82 CFRM (Mce’s 603! 1,085 | 695) 1,251 
arnings, $/Day 2,348 3,512 
lovestments (Process Equipment Only): 
rude Distillation $350,000 $ 350,000 
cuum Reduction 330,000 240,000 
(0C Catalytic Section 1,175,000 
ICC Fractionation Section 
TCC Gas Plant : 490,000 
Thermal Cracking and Gas Plant 855,000 440,000 
atalytic Polymerization... 210,000 250,000 
Total ; $1,745,000 $2,945,000 








* Based on 75 percent Housebrand and 25 percent Premium Fuel. 

t Total for Thermal Cracking and Gas Plant. 

t Utilities Only. 
erosine and 1100 barrels per calendar day of diesel 
wel would be marketed as virgin stocks from the 
tude. A parallel series of cases (5 to 8) has been 
veloped on the basis of cracking the virgin diesel 
uel, 

In addition, two cases (9 and 10) have been de- 
eloped on the basis of producing asphalt for sale 
iorder to ascertain the economic aspects of catalytic 
ersus thermal cracking for this type of operation. 
The price structure and utility values assumed are 
resented in the following table: 





$1.40 bbl. 
.0625 gal. 
0425 gal. 
.03625 gal. 
.03625 gal. 
0.90 bbl. 


Mid-Continent Crude 
Housebrand Motor Gasoline 
Kerosine 

Diesel Fuel 

No. 2 Fuel 

No. 6 Fuel 


Butanes .0145 gal. 
Fuel Gas 0.15 MM Btu 
Steam 0.24 M Ibs. 
Power .007 KWH 


.005 M gal. 
0.15 M gal. 
0.04 Ib. 


Water (Cooling) 
Water (Treated) 
Clay Catalyst 








The above prices are, of necessity, arbitrarily 
hosen. For an individual refiner to obtain a true 
iicture, it is recommended that he substitute his own 
mee structure. 
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The maintenance on topping units and gas plant 
was set at 3. percent of the investment, whereas for 
catalytic cracking, thermal cracking and catalytic 
polymerization a rate of 4 percent was established. 
The taxes, interest and insurance were set at 5 per- 
cent of the investment. Estimated royalty rates were 
used for catalytic and thermal cracking and catalytic 
polymerization processes and are shown in the de- 
tailed tables. 


The basic yields used for the various processes are 
shown in Tables 8, 9 and 10. Overall commodity bal- 
ances, capacities of the various processing units, and 
clear octane numbers with lead requirements for 
various octane levels of the motor gasoline are shown 
in Tables 5, 6 and 7. The gasoline price of 6.25 cents 
per gallon was arrived at on the basis of 75 percent 
of housebrand gasoline at 6 cents and 25 percent of 
premium fuel at 7 cents per gallon. At the 80-octane 
level, this would mean that housebrand fuel would 
have a 78 and the premium fuel an 85 octane number. 

In every case except where asphalt is produced, it 
has been assumed that the reduced crude would be 
visbroken in order to minimize residual fuel. In these 
cases with catalytic cracking, the total vaporizable 
effluent from the viscosity breaking operation flows 
directly to the catalytic cracking unit as is illustrated 
in the typial flow diagram, Figure 2. There are, of 
course, other processing methods (such as propane 
deasphalting or vacuum flashing) which can be em- 
ployed in order to charge a heavier stock to the 
catalytic plant. While the flexibility of TCC units is 
such that these heavy charging stocks can be readily 
handled, the aforementioned methods of processing 
(vacuum flashing and propane deasphalting) were 
not considered in the economic studies presented 
herein except in those cases involving the manufac- 
ture of asphalt since it is believed that expensive 
means of charge stock preparation cannot be justified 
unless outlets for specialty products such as asphalt 
are available. The gasoline yield advantage generally 
obtained through processing reduced crude to pitch 
by distillation or deasphalting is virtually eliminated 
if it becomes necessary to blend the pitch back to 
marketable fuel oil. 


A summary of economics, showing yearly earnings, 
retirement periods, and earnings at the end of 10 
years during which period the investment has been 
retired, is presented in Table 1. Cases 1, 2, 3, 4, 9 and 
10, all involving the production of diesel fuel for sale, 
have been considered in this series of cases for eco- 
nomic comparisons and while a series of cases paral- 
lel to 1, 2, 3 and 4, shown in Table 1, has been de- 
veloped on the basis of cracking the diesel fuel, those 
cases have not been summarized as in Table 1 since 
the same general conclusions are reached. Complete 
details showing the development of the economics for 
all of these cases are presented in Tables 2, 3 and 4. 
In cases 1 and 2 (also cases 5 and 6) shown in 
Tables 2 and 3, involving all thermal cracking and 
once-through catalytic cracking, respectively, the 
effect is shown of varying the depth of reforming 
from zero, as indicated in Case 1C, to a maximum of 
1600 barrels per day, as indicated in Case 1A, with 
Case 1B as an intermediate. 


For each case studied, a depth of reforming was 
selected for comparison which resulted in maximum 
dollar return, provided a lead limit of 2 cc gallon was 
not exceeded. This limit was imposed because of the 
desirability from the standpoint of flexibility in re- 
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TABLE 5 


Summary of Yields and Process Equipment 
(Diesel to Sales) 





































































































| Catalytic Cracking + Vis : ; 
boat Thermal i Recycle Cat. Cracking|Recycle Cat. Cracking 
Thermal Cracking TCC Cycle Variable Vis Breaking + | Vis Breaking no Re. 
TYPE OPERATION Variable Thermal Reforming Thermal Reforming Thermal no Reforming} forming no Therma! 
Case No... : 1A 1B 1C 2A 2B 2c 3 4 
PRODUCTS -| B/CD B/CD B/CD B/CD B/CD B/CD B/CD B/CD 
10—Ib. RVP Gasoline | 4,740 4,843 4,975 5,346 5,491 5,722 5,941 5,516 
Kerosine ‘ | 1,500 1,500 1,500 | , 1,500 : 1,500 1,500 
Diesel Fuel. . 1,100 1,100 1,100 1,100 1,100 1,100 1,100 1,100 
No. 2 Fuel ; a. ane } 65S 
Residual Fuel... | 2,067 2,045 2,003 1,391 1,369 1,327 | 1,078 949 
Excess Butane... ... 2 132 74 ant 70 74 
Dry Gas (F.0.E.)... 698 | 636 522 685 623 509 | 478 329 
Crude Run......... 10,000 | 10,000 10,000 10,000 10,000 10,000 | 10,000 10,000 
Process Equipment B/SD B/SD B/SD | B/SD B/SD B/SD B/SD B/SD 
Crude Distillation. . 11,100 11,100 11,100 11,100 11,100 | 11,100 11,100 11,100 
Thermal Cracking Gasoil oe umaliad | 1,870 1,870 1,870 1,100 J 
Thermal Cracking Red Cr 5,000 5,000 5,000 | 1,665 1,665 1,665 1,665 1,665 
Therma! Reforming 1,775 | 1,155 None | 1,775 1,155 | ed 
TCC ' ... | 4,060 4,060 4,060 8,120° 8,120 
Catalytic Polymerization 200 | 170 345 308 227 288 254 
Octane Nos. 
CFRM + 0 ce TEL 69.8 | 68.2 62.7 | 74.0 72.7 | 68.3 69.2 | 69.0 
TEL to 76 CFRM | 0.7 1.10 2.10 | 0.13 0.30 | 0.85 | 0.75 | 0.75 
TEL to 78 CFRM | 120) 160} 2.90 | 035| 065; 130 1.20 1.20 
TEL to 80 CFRM. | 2.00 | 2.40 3.80 0.73 1.15 | 1.90 1.80 1.75 
TEL to 82 CFRM 2.90 3.50 5.30 | 1.30 | 1.80 2.75 2.60 2.50 
° Total Feed —1:1 Rec) cle Ratio 
TABLE 6 
Summary of Yields and Process Equipment 
(No Diesel to Sales) 
Catalytic Cracking + Vis f 
| Breaki: Thermal Cracking Recycle Cat. Cracking|Recycle Cat. Cracking 
Thermal Cracking Cycle Variable Vis Breaking + Vis Breaking no Re- 
TYPE OPERATION | Variable Thermal Reforming Thermal Reforming Thermal no Reforming forming 
Case Ne a 1s sc | CGA 6B 6C 7 5 
— 7 - | . —eEE7 
PRODUCTS B/CD | B/CD B/CD B/CD B/CD B/CD B/CD B/CD 
10—Ib. RVP Gasoline | 5,529 5,638 5,804 | 6,168 6,309 6,541 | 6,796 6,23! 
Kerosine | 1,500 1,500 | 1,500 1,500 1,500 1,500 1,500 1,50 
No. 2 Fuel } , | i P 97 
Residual! Fuel 2,264 2,242 2,200 1,611 1,589 1,547 1,228 949 
Excess Butane , 21 115 70 | ' 100 94 
Dry Gas (F.0.E.) 888 | 825 | 711 826 764 650 | 552 375 
Crude Run | 10,000 | 10,000 | 10,000 | 10,000 10,000 | 10,000 | 10,000 10,00 
ane ba he es A an br aN pint Ridiatcnisanletad 
Process Equipment | B/SD B/SD B/SD | B/SD B/SD | B/SD | B/SD B/SD 
Crude Distillation 11,100 11,100 11,100 11,100 11,100 | 11,100 11,100 11,100 
Thermal Cracking Gasoil 2,450 2,450 | 2,450 | 1,444 
Thermal Cracking Red. Cr 6,225 6,225 | 6,225 1,665 1,665 1,665 1,665 1,665 
Therma! Reforming 1,775 1,155 1,775 1,155 ; ea 
Tcc 5,290 5,290 5,290 10,548* 10,548" 
Catalytic Polymerization 254 | 200 | 7 | 437 | 402 | 348 | 68 322 
Octane Nos. | | 
CFRM + 0 ce TEL 69.8 | 687 | 63.9 74.6 73.3 | 694° | 70.4 70.3 
TEL to 76 CFRM 0.85 0.95 | 1.95 0.15 0.20 | 0.75 | 0.60 0.60 
TEL to 78 CFRM 1.35 | 1.50 | 2.70 0.40 0.50 | 1.20 | 1.03 1.02 
TEL to 80 CFRM 2.10 2.25 3.60 0.80 0.95 | 1.80 1.60 1.55 
TEL to 82 CFRM 3.10 $20) (500 1.50 1.60 | 2.70 | 2.35 2.25 
* Total Feed— 1:1 Reevele Ratio 


TABLE 7—Summary of Yields and Process Equipment 


(Diesel and Asphalt to Sales) 








Thermal Cracking 


~ | Catalytic Cracking 


fining operations of reaching 


a given 


motor fuel 


octane number with a minimum of TEL. 


Thermal Cracking 








TYPE OPERATION and Reforming | TCC Cycle 
Case No 9 10 
Products B/CD B/CD 
10—lb. RVP Gasoline 4,710 5,708 
Kerosine 1,500 1,500 
Diesel Fuel 1,100 1,100 
Residual Fuel 1,429 755 
Asphalt 600 600 
Excess Butane 36 
Dry Gas (F.0.E.) 670 445 pected, 
Crude Run 10,000 10,000 
Process Equipment B/SD B/SD 
Crude Distillation. . 11,100 11,100 
Vacuum Reduction 3,330 1,665 
Thermal! Cracking Gasoil 1,330 2,000 
Thermal Cracking Reduced Crude 
Thermal Reforming 1,775 
TCC 4,330 
Catalytic Polymerization 210 27 
Octane Nos. 
CFRM + 0 ce TEL 69.9 68.6 
TEL to 76 CFRM 0.80 0.90 
TEL to 78 CFRM 1.35 1.35 
TEL to 80 CFRM 2.00 2.00 
3.05 2.90 


TEL to 82 CPRM 


106 ~=—s-: 378} 


recycle 


cracking 


A series of charts has been prepared to illustrate 
the relation of catalytic and thermal cracking under 
the basic conditions assumed. 

Figure 3 illustrates the relative earnings per yea! 
for thermal and catalytic cracking. It will be noted 
that over the entire range of octane numbers tht 
earnings for-catalytic cracking far exceed those tor 
comparable thermal cracking; also, as might be ex 
catalytic 
highest production of catalytic gasoline also shows 
the highest earnings. 


involving the 


Figure 4 has been constructed to show the value 0! 
catalytic cracking in relation to the increased invest 
ment required. Earnings above investment have bee! 
2 determined for a period of 10 years for both therma 


| 


and catalytic cracking cases. The difference betwee" 


straight thermal cracking and recycle catalytic crack 
ing at the end of 10 years is shown to be approxr 
mately $2,500,000 at a 76-octane level and $3,250, (" 
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EAREINGS ERD OF 10 TEARS ~ MO 


fornings end of 10 years after investment retirement vs. octane number. 


PAYOUT IN YEARS ON DIFFERENTIAL INVESTMENT 
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FIGURE 3 
Earnings per years vs. octane number. 
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Differential retirement periods vs. octane number. 
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Yearly earnings and 10-year cash position vs. gasoline price. 
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at an 80-octane level. It will be noted that no com- 
parison is shown above 80-octane number since such 
an operation would be impractical without excessive 
use of tetraethyl lead for straight thermal cracking. 

Figure 5 illustrates, as a function of octane number, 
payouts of the differential investment between cata- 
lytic and thermal cracking. These payout periods are, 
of course, of only relative significance since a careful 
analysis of each individual refinery situation is neces- 
sary before the true picture can be determined. In- 
vestment figures are predicated upon normal con- 
struction costs, and while it is recognized that such 
may vary with local labor conditions and individual 
refinery specifications, those figures used in this 
report are consistent and therefore comparable. Often 


TABLE 8 
Thermotor Catalytic Cracking Yields 





Cases 2 6 3 7 10 
Tar Separator Charge BPCD 
Diesel Fuel 1,100 1,100 
Topped Crude 4,500 4,500 4,500 4,500 4,500 
Visbreaker Gasoil 655 655 655 655 
TCC Reeyele 3,655 4,755 
Total 5,155 6,255 8,810 11,010 4,500 
Tar Separator Bottoms 1,500 1,500 1,500 1,500 1,500 
Vacuum Gasoil 900 
TCC Reactor ( *harge, BPCD 3,655 4,755 7,310 9,510 3,900 
Yields Based ou Fresh Charge* 
Volume Percent: 
Debut. Motor Gasoline 42.0 41.6 56.0 55.5 42.6 
Catalytic Gasoil 46.0 46.5 27.0 27.5 46.2 
Isobutane 3.7 3.8 7.0 7.0 3.7 
Normal Butane 15 1.5 2.0 2.0 1.5 
Butylenes 4.7 4.46 5.9 5.8 4.9 
Propylene 3.3 3.3 3.9 3.8 3.4 
Dry Gas (F.0.E.) 7.6 73 8.9 8.3 7.8 
Properties of Fresh Reactor Charge* 
Gravity, °API 29.5 31.0 29.5 31.0 26.5 
Aniline No., °F 185 175 185 175 190 
Vacuum Distillation: 
10 percent 570 °¢ 520 570 520 570 
50 percent 740 670 740 670 780 
90 percent 915 890 915 890 980 


* Includes Visbreaker Gasoil but Excludes TCC Reeyvek 





TABLE 9 
Thermal Cracking Yields 
eae ne ' 
Cases l 5 234 
678 37 o) 10 
Charge Stock BPCD: 
Gasoil | 3,900 
Reduced Crude | 4,500 5,600 1,500 
Catalytic Gasoil | O87 & 
1,308 1,799 
Gravity, °API 25.0 27.0 15.5 25.0 26.5 30.0 
Yields Volume Percent: | 
Debut. Motor Gasoline 44.1 | 47.7 13.1 36.0 50.0 41.5 
Isobutane . 0.6 0.7 93 1.0 0.9 0.9 
Normal Butane 2.0 24 0.9 3.2 2 3.0 
Butylenes 2.1 2.5 0.7 2.8 2.7 2.6 
Propylene 1.9 2.2 25 2.2 2.8 
Visbreaker Gasoil 43.7 
Fuel Oil | 44.5 39.3 41.3 46.5 35.0 42.0 
Dry Gas (Wt., percent* 8.5 9.0 23 13.0 12.0 10.0 
i _ ! 
* Cy and Lighter 
TABLE 10 


Reforming Yields 





Cases 1-A 2-A 1-B 2-B 
Naphtha Charge, B/CD 1,040 1,600 
( vharge Octane No 46.0 49.0 


Yield.  Velame p percent: 
Debut. Motor Gasoline 76.4 
Isobutane ‘ 1.2 
Normal Butane 3 
But: lenes 4 

Propylene 3.2 

4 
5 


Ot de CO ee OO = 
ww 


Fuel Oil { 
Dry Gas (Weight, percent 15.4 


Debut. Motor Gasoline Octane No 68.0 69.0 
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utilization of existing equipment in conversion of 
thermal to catalytic cracking will reduce investments 
very substantially and make the payout even more 
attractive 

Figure 6 shows the effect of refinery gasoline price 
on earnings per year and earnings after 10 years 
taken at the 80-octane level. 

Figures 7 and 8 illustrate the octane yield relation- 
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FIGURE 9 
TEL requirements vs. octane numbers. 


ship for thermal cracking, once-through catalytic and 
recycle catalytic cracking. These graphs make it evi- 
dent that not only is there a large advantage in gaso- 
line octane number and TEL requirements for catalytic 
cracking but there is also a very substantial advantage 
in overall gasoline yield. For example, when producing 
80 octane number motor gasoline containing about 
2 cc TEL, there appears to be a yield advantage ol 
12-13 percent for recycle catalytic cracking over 
thermal cracking only. Figure 9 illustrates lead re- 
quirement, as a function of octane number, for several 
of the cases studied. These curves emphasize again 
the value of catalytic cracking in producing high- 
octane-number gasolines of low TEL content. 

Delayed coking for the preparation of gas oil 
charge is a highly attractive process for those refiners 
who desire a minimum of heavy fuel oil and who can 
dispose of petroleum coke. 

The studies presented in this. paper lead to a num- 
ber of interesting and practical conclusions: 

1. TCC catalytic cracking is now available for the 
small refiner. Studies have been prepared which show 
that the process is feasible for the refiner processing 
3000 or more barrels per day of crude oil. 

2. The competitive market for motor fuel points 
toward higher gasoline octane numbers in the future. 
Catalytic cracking will, in many cases, be the onl) 
means of economically reaching those competitive 
— 

The earnings from catalytic cracking at a given 
inal level are, in nearly every case, sufficiently 
greater than for thermal cracking to justify its in- 
stallation. 

4. Reduction in yield of residual fuel makes for 
greater flexibility in meeting many local market 
conditions. 

5. Substantial investment savings can be achieved 
in many cases by using existing thermal equipment. 
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Pressure Vessel Design 





Calculations 


S. M. JORGENSEN 
Foster Wheeler Corporation 


= regulations and codes governing the 
design of vessels subject to internal pressure gener- 
ally specify a minimum shell thickness as computed 
by the common formula for circumferential stresses 
in cylindrical shells. It is also generally specified, 
that besides the internal pressure, other loads, such 
as wind loads, dead weights and superimposed loads, 
shall be considered, but there are as yet no official 
rules governing the application of such combined 
loads. : 

The main stresses in a pressure vessel are circum- 
ferentially, due to the internal pressure, and longi- 
tudinally, due to wind and dead loads, These stresses 
being at right angles cannot be added together di- 
rectly but must be combined into a resultant stress 
according to the rules of theory of elasticity. 

The theory of combined forces has been and still 
is subject to numerous controversies but it is agreed 
upon by most authorities, that for such steels as used 
in the fabrication of pressure vessels, the maximum 
shear theory, as developed by Guest, has been proved 


loot 





Feuaren Toe 


by extensive experiments to be fairly exact and re- 
liable. Lately numerous modifications of this theory 


-have been suggested. Some of these are undoubtedly 


more accurate but the additional work involved is 
not justified as the deviations from the Guest theory 
are well within the desired limits of design accuracy. 

Equal in importance to the resultant force is the 
allowable stress. Except for the codes for vessels 
under vacuum, the official codes for pressure vessels 
consider only vessel parts subject to tensile stresses, 
or that material strength alone governs the design 
of pressure vessels. As is well known this method is 
often insufficient in the design of tall, slender towers. 
In such towers bending moments due to wind loads, 
may produce compressive stresses, which will de- 
termine the wall thickness in the lower part of the 
vessel, in which case the elastic stability of the steel 
plate is governing. Whereas the allowable tensile 
stress is constant within certain temperature limits, 
the allowable compressive stress in a curved plate 
varies with its thickness and bending radius. The ex- 
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Due to internal pressure: 
NOMENCLATURE s — bd 
1: Moment of inertia, inch‘ 7 ee ; : As 
ce: Extreme fiber to neutral axis, inches Due to dead weight (tower weight, plus liquid and trays) 
d: Tower diameter, inches W 
t: Shell thickness, inches Ss = “wdt 
M: Wind moment, ibs./ft.” ; , : es 
W: Tower weight plus liquid and trays, Ibs. Due to dead weight (tower weight, without liquid an 
W.: Tower weight without liquid and trays, Ibs. trays) 
| H: Tower height between bend lines, ft. We 
p: Internal pressure, Ibs./sq. in. So = Tdt 





| P: Wind load, ibs./sq. ft. 
| r: Tower radius, inches 
$:, Sry See Spx Say Soe Sw? Shell Stresses, ibs./sq. in. 
$.: Resultant or allowable stress, Ibs./sq. in. S,/ = pd 


Circumferential Stress 
Due to internal pressure: 






























$,: Yield point, ibs./sq. in. Ht 
E&: Modulus of elasticity, 29 x 10° wees ; 
Ls Stiffener spacing, inches Material Strength Is Governing 
l.t Stiffener moment of inertia, inch‘ The maximum shear theory states that for any three 
principal stresses S;, S2, and Ss, for which 
————_—_—— d S>S>58; 
; the maximum shear is reached when the resultant force 
perimental data of L. H. Donnel are used here as S:=5S:—Ss 





all signs being the same. Failure occurs when S; reaches a 
certain value. In the case of a thin walled cylinder the radial 
stress component is negligible 


basis for calculating allowable compressive stresses. 















Stresses in Thin-Walled Cylinders S.=0 
ae whence S-=S, (1) 
co cecagir te 12M If S; and S: are of opposite signs and S;= 0: 
Due to wind: Sw Ic r= Sit Se (2) 
. é The following possible combinations may occur: 
[ 7[(d + 2t)*— d'] Vessel under pressure, leeward side, per equation (2) 
Cc 32d S, = S. —S,+ S,-4+ Se. 
S,’=2 5S, 





As t is small in comparison with d, all terms of t higher : ‘Spor ~ =? 
than the first power can be eliminated: whence Sr= Sw + Sp+ Sa 





Vessels under pressure, windward side, per equation (1): 








bi S.=S.+S,—S. 
c 4 ~ _pd_ 
48M or Ss = oy (4 
hence: = - — —" . ‘ . ; 
mes wd'*t Of these two combinations the first one is always less 
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tion (4) is the 
stresses in cylindrical shells: 





INCHES 


severe than equation (3). The second must always be ful 
illed under the pressure codes. 


No pressure, leeward side: 


No pressure, windward side: 
S: = Sw + Se 


No pressure, no wind: 
Sr = Sq 
Che last three conditions will always be less severe than 


equation (3). 


Thus both equations (3) and (4) must be satisfied. Equa- 
well known formula for circumferential 


pd 5 
~ 2S: X efficiency (9) 
kquation (3) can be further developed by inserting the 
toper values for the different stresses 
48M Tpd* 
= +4 -+W (6) 


One drawback to equation (6) is the fact that the tower 


t 


S:Tdt = 


weight W is unknown as it depends on the thickness t. It 
8 possible to eliminate this drawback and simplify the equa- 
tion for general use. The method depends somehow on the 
practice of the individual manufacturer and also on the type 


tf use of the vessel. The method is shown in the following as 
plied to a fractionating tower with the ordinary type of 
‘ast iron bubble trays. 

The wind load P is generally given in lbs. per sq. ft. of 


projected tower area. With tower diameter d in inches and 


ength H in feet: 


d H?P 
M=—3 


the following modifications apply: 

lis multiplied by 1.05 to take care of a layer of insulation, 

1 taken as the length between tangent lines is multiplied 
by 1.10 to take care of windloads on heads, nozzles 
and attachments. 


lb. — ft. 





L IN CHES 


FIGURE 3 


Assuming P to be 30 Ibs. per sq. ft. the first term of (6) 
takes the form: 


48M  48X1.05 dX 110 x H* X 30 
selene, 24d 
The second term of (6) is the tower weight W. In estimat- 
ing W the following assumptions have been made: 


Weight of insulation, nozzles and attachments=1/3 of 
weight of shell. 


Weight of steel plate = 0.283 lb. per cu. in. 








= 76.2 H* 


Number of trays = 35 
Weight of tray per sq. ft. of tower area: 
Cast iron : 45 pounds 
Supporting Steel 10 pounds 9 
Liquid 20 pounds 7 few Ae 
75 pounds 
or 0.52 lbs, per sq. in. of tower area. 
Hence: 
W = 7d X 1.10H X 1.33 & 0.283 K t+ 


H 7 
35 x ay ar x 0.52 
or W = 15.6 dHt + 0.163 Hd? 


, 4M ; 
Substituting the values of S,, iy” bee and W in (6): 


13,750 wdt = 76.2 H? + 15.6 dHt + 0.163 Hd? + 0.785 pd* 
dt (43,200 — 15.6H) = 76.2 H* + (0.163 H + 0.785p) d?’ 
Substitute 41,700 = 43,200 —15.6H. The deviation due to 
this substitution varies from —.0.01” for H=50 to+ 0.01” 
for H= 150. This is well within the desired accuracy. 
Substituting and rearranging: 
d t d \? 
52,000 Sc 95 + (0.2H + p) (+7) (7) 


From the equation t can be found when d, H and p are 
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an 
known. Figure 1 represents a graphic chart of equation (7). curve is used, or that the second term in the numerator cat [ 
d be neglected. | 
rhe curves do not extend beyond H 1.0, which is the limit L. H. Donnell introduces a factor = 1.4 in case of buckling the 
for the nepiication of equation (7). This corresponds to 2 © thin — oon wag ingenen ng In case of neers sub- . 
, : > - > > y -Vver enc Pred * to th 
height-diameter slenderness ratio equal to 12:1. For any ratio ie oe cad te te aaa sty Rae) fe begin ‘a a th pal val 
; : & . “1: *€ Ox t - O & ac le 1€ ax!- 
less than that either equation (5) or the elastic stability tin entammnaeian aitiiie, tx el Regier se a a7 hein val 
. aS ) » ( r St@e ( . 
formula shown later will govern. meee tcryee. pees pe oe ee eee lg a age pg ter 
constant around the circumference a tactor 1.2 is used val 


For temperatures above 650° F. or for steels of different . ; 

a > « . . s . : . A. S a? . . 7, — x 6 

allowable tensile stresses, t should be multiplied by S/13,750, Substituting : oo 
where S is the actual allowable tensile stress at the design nee I 





condition specified. and using factor of safety =4 
t rep 
: _ , “6 .- > tak 
Elastic Stability Governing c 70 10 I 1.2 
. ‘ ont ‘ , : - 29 < 10° } 
No data are available on the stability of cylinders 1 + 0.004 55 <Q 
' : : ee ’ 27,: 
subject to both radial and longitudinal pressures. It , 1 
seems, however, logical to assume that the internal or S=2.0X 10° ~| () & mo 
pressure would contribute toward increased stability Combin; g 19 con 
rather than the collapse of a cylinder. Hence, in this ombining (S) and (%) han 
‘wees = alice ae AE te ei Mena se ae 48M T 
case, only the longitudinal principal force (compres rig =—,-+W (10) Bot 
sive) is investigated. » 
Leeward Side po This formula can be modified similar to equation (0) by cut: 
Ss, Ss. +S. substituting the values developed for the terms of the rg! 
12M W hand side of €10): % | ' 
+ = Frat wd (8) 2710°t? = 76.2 H* + 15.6 dHt + 0.163 Hd’ 
by rearranging A 
L. H. Donnell arrives at the following empirical equation 10°t? — 2.5‘dHt — 0.026 Hd? — 12.1 H?=0 not 
for the allowable stress in cylindrical shells under axial com Solving for t: win 
yression: . rer 0 . : a 
; — 1.25dH 1.56 d°?H* 0.026 Hd? + 12.18 = 
t ? I t — ne T \ 12 iia Me 6 orn 
: anstilt Ta 10 ' 10 10” 10 shel 
S= E> F The first term under the root is negligible due to the large ji Whi 
1+ 0.004 <= denominator, whence axia 
Dy 7 tern 
of 1.25 dH 0.026 Hd? + 12.1 H 1 T 
For the cases considered the maximum value of ; is less [= 10° +\ 10° \ i. 
than 320. This means that only the straight line portion of the From this equation t can be found when d and H at ue 
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known, or t can be taken from Figure 2. This chart also 
shows a temperature factor which has been arrived at from 
the following considerations. The present ASME vacuum 
code shows no variation in shell thickness due to tempera- 
tures up to 650° F. and does not go beyond this temperature. 
The new API-ASME vacuum code shows the shell thickness 
yarying with E and S,. This dependency on E and S, can 
also be applied to equation (11) as this equation is based on 
the Donnell formula which contains a factor: 


= 
E 
1 + 0.004 XS, 


Substituting the values for E and S, from the API-ASME 
Code for 100° F. and higher temperatures X the following 
relationship is obtained: 





K’ = 


K =e 
=k 
An examination of equation (11) will show, that the con- 


1.25 dH 
tribution of the term —jo* amounts to 5 to 7%, of t, the 


term under the root contributing the rest. The temperature 
factor can therefore closely enough be determined as 0.06K + 


0.94 VK. As will be seen from the curve its influence is 
noticeable only from 500° F. and up. 


Vacuum Vessels 


Vacuum vessels are often designed for a certain 
internal pressure, generally 30 to 50 pounds per 
square inch. For this condition the vesssel is to be 
treated as a regular pressure vessel ,and the formulas 
developed in the previous paragraph apply. 

The vessel must also comply with the formulas 
established by the official codes: API and ASME- 
API. These codes require that a vacuum vessel must 
be designed for a minimum of 15 pounds per square 
inch external pressure. 


The codes have adopted the formula developed by Winden- 
burg on the basis of Von Mises work. For 15 Ibs. per sq. in. 
and a safety factor of 4 to 1 this formula becomes: 


: >" ¢ \ L 29 & 10° 

9 = = Ac aie mm wineee autjulepecunaiannen 
[ 123 x (+5) +045 ](+5) =p X—_ (2) 
For given values of L and D in (12), t can be taken from 
the graphic chart Figure 3. It will be seen that this formula 
is independent of S, and that E is the only temperature 
variant. In Figure 3 enter at the bottom of the chart with the 
value for L, proceed along the inclined lines to the proper 
temperature line, then vertically to the vessel diameter. The 
value of t can be read off directly on the ordinate scale. 


FF ; 
For high values of D formula (12) does not apply, but is 


replaced by the Bresse-Bryan formula which for p= 15 
takes the form: 
D 

t= 932 (13) 


This condition will seldom be encountered as it is generally 
more economical to install stiffener rings. On Figure 3 this 
condition is characterized by the horizontal lines at the right 
hand side for D = 36”, 48” and 60”. 

The formula given in the Code for the moment of inertia 
of the stiffening rings is derived from Levy’s formula but re- 
vised to include the stiffening effect of the shell itself. For an 
cutside pressure of 15 lbs. per sq. in. this formula becomes: 

_ 21 D°L 


I, oni 
As in the case of pressure vessels the vacuum code does 
hot take into consideration other external loadings such as 
wind and dead loads. Equation (12) is based on both radial 
and axial stresses due to external pressure. The original 
ormula gives slightly higher collapsing pressure or lower 
shell thickness when the pressure on the heads is ignored, 
which would seem to indicate that, to a certain extent, the 
axial stresses would have a stabilizing influence on the ex- 
ternal radial pressure. 


(14) 


Chere are no experimental data available on vessels sub- 


ject to both radial and axial pressure of different magnitude. 
ue to the theoretical relations mentioned above, and also 
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in view of Donnell’s experiments which showed failure 
stresses ranging from 0.6 to 0.15 of the theoretical, it should 
be sufficient and on the safe side to investigate a vacuum 
vessel on the basis of Donnell’s theory in addition to the 
usual Code procedure. 
For p= 15 Ibs. per sq. in.: 
S:=Se+5.+ 5, 
4M WwW 15d 
S: mat twat + at (15) 
S; to be taken from equation (9) and the terms for M and 
W as previously developed: 
27710°t? = 76.2 H? + 11.8d? + 15.6 dHt + 0.163 Hd’ 
By rearranging 
10°t? — 2.5 dHt — (0.026H + 1.88)d*?— 12.1 H*=0 
1.25 dH Y 1.56 d*H? + (0.026H +- 1.88)d? +- 12.1H* 


10° 10” 10° 
The first term under the root is negligible, whence: 


_ 125dH V (0.026H + 1.88)d*? + 12.1H* 
eae leas 5 10° 
t as a function of d and H is shown in the graphic chart 
Figure 4. The temperature factor is the same as for equation 
(11) and Figure 2. 
Example No. 1 
Tower 84” dia. x 120’-0” high 80% joint efficiency 
Design Pressure: 75 psi 1g” Corrosion Allowance 
Design Temp: Lower 30':650° F., Top 90':500° F. 
Lower 30 Feet 











t= 








(16) 


. 75 X 84 
From equation (5): t= 27.500 X 8 —75 
= .288 + 1/8” = 7/16” 
d 84 
2H+p=99 H= 7” 
From Figure 1: t= .395: 8+ %= 493 + K = %”" 
From Figure 2: t= .452: .8 X 1.08= 611 + % =” 
30-Foot Elevation 


2H+p=93 H>=o7 


From Figure 2. t= .365: 8+ % = .456-+ 4%” = K" 
The next step is to find by trial where the change can be 





03. 


made from %” to 7/16” thick plate. As 4a the 30’ eleva- 


tion is close to 1, only Figure 2 need be used. 
For 60’ top t= .24: 8= .300 ++ % = 7/16 
For 70’ top t=.275: 8= 344+ %=% 
Thus the vessel shell thicknesses will be: 


Lower 30’ 3/4” 
Intermediate 30’ 5/8” 
Top 60’ 7/16” 


Example No. 2 
Tower 20’-0” dia. x 100’-0” high 80% joint efficiency 
Design Pressure: 30 psi and vacuum No corrosion allow- 
ance : 
Design Temp.: Lower 30’: 750° F. Top 70’: 500° F. 
Equation (5): 
pe Oe 30 &K 240 alee 
@ 750°: t= 3311550 x 8 —30~ °? 
Ben 38 30 &K 240 es i 
OW’: t= 7x17 xs—e 








d 
As io 2.4 Fig. 1 does not apply. 
Froin Figure 3: @ 750° t= .41 
@ 500° t=.39 
2.1 & 240.82° K 30 








From Equation (14) @ 750° I, = 23.5 X 10° = 37.5 
2.1 & 240.78* & 3 
@ 500° I,= oS = ae 32.7 


From Figure 4: t= .645 < 1.18” =.76"= 4%” @ bottom. 
Minimum shell thickness = .39”. From Figure 4 it will be 
seen by going up the d= 240 ordinate that this thickness is 
good enough for about 30’ of shell. It would seem desirable 
to have one more plate thickness between the .39” at the top 


and the .76” at the bottom for inst. 9/16”. By going up the 
d = 240” ordinate it will be seen that for H= 70’ t= 9/16”. 
Thus the vessel shell thickness will be: 
Lower 30’ 3/4” 
Intermediate 40’ 9/16” 
Top 30’ 7/16” 
{385}  il3 








Metallizing 
Refinery Flash Towers): 








at 

L. V. HILE, Welding Foreman, be 

Phillips Petroleum Company, Borger Refinery I 

F : 
ROM our Safety Department reports, a heavy Due to the short downtime for still cleanouts (ap- th 
metal loss was noted in flash towers in gasoil service, proximately 24 to 28 hours) on these stills, a cer- | 
and at that rate of loss, present towers would have tain amount could be metallized at a time. We start a 
to be replaced with new ones. metallizing from the top head down. This is the “a 


Tests were run with various methods of linings to best way to handle this type work. The top head was TI 
find the protective coating that would be economical prepared by grit blasting with No. 4 Joplin grit. Fl 
and give good service. As a result of these tests, a This is an angular flint and does a good job of cut- A 
decision was made to metallize with aluminum as it ting crevices and tentacles in the parent metal. Right | 
would allow a certain amount of protective coating here is a “must” that should be remembered. Oper- 
applied during a still downtime; fet 
hence, causing no delay during [ oe “a 
still shutdown for repairs and | 
cleanout. q 





Working and Safety Equipment 


This type of work requires a 
certain amount of working and 
safety equipment. We have two 
metallizing guns, two remote con- | 
trol boxes, two sets of 150 feet of porsreve Coca | 
M%-inch oxygen and acetylene | | 

| 














hose, two sets of %-inch air hose, 
one 600-pound grit blaster, 150 
feet of 1-inch grit-blast hose. The | JAN \ 
grit blaster is equipped with an | | 
air filter as per drawing. The re- zi 
; 

| 

| 

| 

















mote control box is equipped with | os 
air filter provided by the manu- 
facturers of the metallizing guns, 








also has one high-pressure air 


i 
regulator, one each oxygen, and cSemerete \ 
acetylene line regulator. These | ag Pat ta 
remote-control boxes are made as "ee “a — 
per drawing and we think they a | 
are a “must” on this type of work / ¢ 
as it gives the metallizing opera- / 


tor instant control toward keep- / 

ing a neutral flame at all times. / ie eg Re. | 

Another piece of equipment that | K Re" 

is very useful is the staffold. It is |! ae 

an iron-bedstead type built up in | < 

sections and can be lowered to 48 f ae pS 
| | 











\ 











inches in a few minutes. 

The protective equipment for 
the operators must be good; we 
have a. heavy-duty air-operated 
mask, and the operator wears a 
cloth motorcycle cap with flaps 
down to protect ears. This mask (0 Pupg_ Aue Free 
is worn while grit blasting, with Wirm §_f4are Barres 
a snap-on rubber cape that comes Asseriaty Foe (rejaicizing Insibé _o- Rerivery TOwE. 
down over the shoulders. Receteanmaeaipuigi pic sete eins tne 


\ 




















even f PoP Ae | 








0.4. 
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‘Ss 


1ts (ap- 
a cer- 
Te start 
is the 
‘ad was 
in grit. 
of cut- 
. Right 

Oper- 


‘0. 10 


ator must not touch prepared surface or let dirty 
clothing come in contact. If rivet heads are not 
welded, they should be welded as oil will seep out 
around the head and ruin prepared surface. Mois- 
ture from the hands will cause metallized surface to 
peel off. In metallizing, the operator lays his work 
off in 12- to 18-inch squares or outlines a 12- or 18- 
inch square with the gun and completes this square 
with 10 passes, 5 vertical and 5 horizontal, alternate- 
ly, holding the gun about 6 inches from the work and 
at the proper speed. The operator will apply about 
020 inches tying-in to the metallized surface that had 
been covered on last shutdown, which must be done 
with care. This can be done by tapering off the last 
aluminum coating with the grit blaster by tapering 
off the old deposit about 2 inches up. If care is used 
this will make a good tie-in job. 
It is this writer’s opinion that a young welder 
makes the best metallizing operator, while it is a 
well-known fact that men of other crafts or, in fact 
no craft at all, make good metallizing operators. 
The welder has the advantage of knowing a neutral 
flame (this is very important in spraying aluminum). 
He understands the importance of cleaning the air 
oxygen and acetylene passages in the metallizing 
gun, and the proper way to set up oxygen and acety- 
lene or propane containers. : 


In estimating spraying aluminum in towers based — 
on 100 square feet, it will take 20 pounds of alumi- 
num, 1000 pounds of grit and 8 to 10 hours of labor. 
If tower is coked heavy, it pays to rough sandblast 
with river sand first. é 


Reason for Aluminum 


Why use aluminum? The soft metals lend tnene- 
selves to tower work for corrosion resistance. That 
is, aluminum, lead, zinc, cadmium and tin, with 
aluminum the most satisfactory for flash-tower serv- 
ice, where some coking may be encountered. Alumi- 
num, deposited .018- to .020-inch thick, is more or 
less porous on outside layer, which lends itself to 
coke deposit easily and evenly and this helps to com- 
bat corrosion and erosion in refinery tower service. 


Care of Equipment 


In plants where mnietallizing is set up, care of 
equipment plays an important part where flexibility 
and continuity of work is required. We have a walk- 
in cabinet that takes care of all metallizing equip- 
ment except grit blaster. We do not consider a 
metallizing job completed until all equipment has 
been cleaned, repaired and in proper place in 
cabinet. This is done in the following manner: — 

Metallizing gun is cut loose from 
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SIWELE STAGE 
OXYGEN KEGULATOR 


“| air; acetylene and propane and 
| oxygen hose are put in metalliz- 
| ing gun box; hose rolled up and 
tied ; remote-control box and hose 
put in locker ; grit blaster, air filter 
drained and both taken to shop. 
Metallizing gun is dismantled and 
cleaned with carbon tetrachlo- 
ride; lubrication checked in gear 
assemblies ; taper valve and meter 
plates lanolined and gun reassem- 
bled; gun is then hooked up to 
air, oxygen and propane for a 
check and tryout. The gun is then 
disconnected and put in box, and 
box put in proper place in walk-in 
cabinet. The safety air-operated 
hoods are sent to the first aid 
room, where they are sterilized 
and then put in their proper place 
in walk-in cabinet. This leaves all 
| metallizing equipment in its prop- 
| er place and ready for the next 
| job. 
Sen Value of Metallizing 
| When it was decided to metal- 
| lize our flash towers in gasoil 
| service, these towers were losing 
metal rapidly. Since they have 
been metallized, there has been no 
metal loss. 

While we could have made a 
saving in cost per square foot if 
we had been able to complete the 
entire job at one set-up, the cost 
of $1.50 per square foot was con- 
sidered good under the conditions 
which we did the work. In work- 
ing out different methods of pre- 
venting corrosion and erosion in 
refinery towers, metallizing has a 
very important place in refinery 
maintenance. 


| 
| 
| 
! 
| 
| 
HO.H 
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Equilibrium Flash Vaporization 
Correlation of ASTM and 
High Pressure Curves 


JOHN GRISWOLD and M. E. KLECKA 


The University of Texas, Austin, Texas 


ew EDcE of the flash vaporization curve of 
a petroleum stock is necessary for design or predic- 
tion of operating conditions of distillation equipment. 
Few laboratories are equipped td determine equi- 
librium flash vaporization data, and obtaining it re- 
quires rather elaborate apparatus with tedious and 
skillful manipulation. Several correlations between 
the equilibrium flash curve and the ASTM or the 
true-boiling-point distillation have been proposed, all 
but one of which are empirical. 

In a comprehensive article, Katz and Brown’ pre- 
sent the one method that has a theoretical basis. It 
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SE between ASTM and equilibrium flash va- 
porization curves are reviewed, and a dependable 
correlation is presented for slope of the flash curve at 
heric pressures. 
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consists of dividing the stock into a number of por- 
tions according to boiling point or percentage, and 
treating each portion as a single compound with re- 
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spect to its vapor pressure and vapor-liquid equi- 
librium behavior. The amount of one such component 
in the vapor is calculated from the usual relations; 


y/x = K= fr/fx 


where: y and x are mol fractions of a component in vapor 
and liquid, respectively; K is the vaporization equilibrium 
constant; fp the fugacity of the pure component at the vapor- 
ization temperature, and fz the fugacity of the component at 
the vaporization temperature and total pressure. 


Use of the method involves trial-and-error for per- 
cent vaporized at fixed temperature and pressure. 
The method was shown to give good results for pre- 
dicting a flash curve at atmospheric pressure. 

Empirical but general correlations have been pre- 
sented by Piroomov and Beiswenger,® by Nelson and 
Souders,* and by Packie’ between the ASTM or the 
true-boiling-point curve and the atmospheric flash 
curve. Correlations using the ASTM distillation are 
to be preferred in all cases to correlations using the 
true-boiling-point curve, since the former more 
closely approaches the flash mechanism than does the 
latter, and the ASTM test is always available. 

Nelson’s correlation is the simplest and also the 
most generally dependable for wide varieties of 
stocks. It requires merely reading the 50-percent point 
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FIGURE 5 


on the atmospheric flash curve from the ASTM 50- 
percent point, and the atmospheric flash curve slope 
from the ASTM slope. 

All correlations explicitly or implicitly assume the 
ASTM curve to be symmetrical about the 50-percent 
point and approximately straight in the center por- 
tion: The correlations are inaccurate when applied to 
stocks deficient in material of intermediate boiling 
range such as mixtures of light and heavy distillates 
and certain crude oils. Nelson’s correlation is less 
sensitive to abnormal curves than are the other cor- 
relations. 


Transposition of Flash Curve With Pressure 


All of the preceding correlations are based only on 
flash data at atmospheric pressure. Since commercial 
operations are seldom conducted at exactly atmos- 
pheric pressure, a dependable procedure for transpos- 
ing the atmospheric flash curve to other pressures is 
as essential if not more so than the atmospheric cor- 
relation. 

The procedure generally used heretofore was to 
extrapolate a temperature point on the atmospheric 
flash curve to the temperature of some other pressure 
(of hydrocarbon vapors = total pressure minus par- 
tial pressure of steam if present), using a hydro- 
carbon vapor pressure chart such as the Cox or 
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FIGURE 6 


Brown-Coats Chart.’ The pressure flash curve was 
then drawn parallel to the atmospheric flash curve. That 
this procedure is fundamentally incorrect and leads 
to serious error for extrapolation to high pressures 
is apparent from the following considerations: 

Suppose that a stock consists of only two hydro- 
carbons of different boiling points. According to the 
approximate relation, 

log P=a—b/T 

any vapor pressure curve slopes rapidly upward with 
temperature. When both hydrocarbons are at the 
same pressure, the temperature spread (t,—ty) im- 
creases with pressure and temperature level. 

It follows that if different points on an atmospheric 
flash curve are extrapolated to higher pressures, the 
slope of the pressure curves increase according to 


120 = {392} 


Watson and Unive 


rsal Oil Products Company 


this procedure, and only the 50-percent point ex 
trapolates correctly. 

Actually, the relative volatility controls vapor- 
liquid equilibrium, and the relative volatility decreases 
as temperature increases; becoming unity (no difference 
in vapor and liquid compositions) at the true critical 
temperature and pressure of the stock. The slope ol 
flash curves actually must decrease with pressure-tem- 
perature level and the curves become horizontal at the 
true critical. 

Experimental data on pressure flash-vaporization 
have recently been published on three stocks: a light 
naphtha, a heavy naphtha, and a naphtha-kerosine 
mixture.? In the work to follow, only the data on 
light and on heavy naphthas were used, since the 
naphtha-kerosine mixture is deficient in intermediate- 
boiling material and its flash curve does not correlate, 
as discussed earlier. The data are reproduced of 
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Figures 1 and 2 along with the flash curves as calcu- 
lated by the recommended procedures of Nelson, and 
of Piroomov and Beiswenger. Figures 1 and 2 clearly 
show the error resulting from parallel extrapolation 
of the atmospheric flash curves to high pressures. 
Katz and Brown! presented a chart for the slope of 
pressure flash curves, admittedly based on insufficient 
data and recommended only until better data were 
available. While this chart predicts smaller slopes 
with increasing pressure (the right direction), it does 
not adequately correlate slopes of the present data. A 
new slope correlation was developed on the basis that 
the ratio of the pressure slope to the atmospheric 
slope decreases regularly with increasing values of 
“reduced” temperature and pressure, and must be- 
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Correlation of slope of flash curve with pressure vs. fraction of true 
critical temperature. 


come zero (flash curve horizontal) at the true critical 
temperature and pressure of the mixture. 

Pseudo and true critical temperatures and pres- 
sures have been correlated graphically with API 
gravity and the ASTM distillation by Smith and 
Watson.” For convenience, their charts are repro- 
duced in Figures 3, 4, 5, and 6. Use of these charts is 
summarized below: 


Volumetric av. boiling point 
=(tiom +t30% +tso% +tz0% +too% )/5 


Slope 
= (t90% —t10% )/80. For correlation of av. boiling points. 
= (tro% —t10% )/60. For correlation of flash curve. 


where t== % evaporated (recov. + loss), of the ASTM dis- 
tillation (° F.). 

With Figure 3, weight, molal, and. mean average boil- 
ing points are obtained by applying corrections to the 
volumetric average. True and pseudo critical tem- 
peratures are read from Figure 4. The pseudo critical 
pressure and true critical pressure may then be read 
from Figures 5 and 6, respectively. 

Using these charts, pressure, temperature, and 
slope ratios were calculated for the data of Figures 
l and 2, and the results are plotted on Figures 7 and 
8. These correlate the experimental pressure flash 
data to within experimental precision. Figures 7 
and 8 are essentially equivalent since temperature 
and pressure are dependent variables for a given 
stock, and either may be used alone. However, from 
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the shape of the curves, Figure 8 is more easily read, 
particularly at low pressures. The temperatures are 
in ° R. (460+ °F.) and the pressures are in 
atmospheres absolute or in psi a. 

For vacuum flash curves, the slope must increase 
as temperature decreases. Data are not yet available 
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FIGURE 8 


Correlation of slope of flash curve with pressure vs. fraction of true 
critical pressure. 


to correlate subatmospheric flash curve slopes, and 
for the present they must be drawn parallel to the 
atmospheric curves. 


Recommended Procedure 


From the information now available, the recom- 
mended procedure for calculating pressure flash 
curves from ASTM distillations is: 


(1. Determine the atmospheric flash curve from the ASTM 
50 percent point by the method of Nelson.‘ 


(2. Convert the 50 percent point on the atmospheric flash 
curve to the desired temperature and pressure, using 
a hydrocarbon vapor-pressure chart. 


(3. Determine the true critical temperature of the stock by 
Figures 3 and 4, or the true critical pressure by Figures 
3, 4, 5, and 6. 

(4. Calculate the ratio of actual temperature to the true 
critical (both on absolute scale), or the ratio of pressure 
(of hydrocarbon vapor) to the true critical (both on 
absolute scale). 


Read the slope ratio from Figure 7 or 8 respectively, 
and multiply it by the atmospheric flash slope to obtain 
the pressure flash slope. 


(5. Draw the pressure flash curve as a straight line through 
the extrapolated 50-percent point, with the slope found 
in (4). 
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Determination of 


Letane Value from Average Boiling Point 


And Specitic Gravity 


G. VORBERG, Augsburg 


si E determination of the ease of ignition, as represented 
by the empirical value known as cetane number, is the most 
important constant necessary to evaluate properly diesel 
fuels, and has become increasingly important in recent years. 
There are industrial engines which demand a definite cetane- 
number fuel; the test also is being more widely used now 
due to the necessity of including many diverse types of oils 
from various odd sources, such as the usual petroleum frac- 
tions, the special hydrogenated oils, many fractions from the 
Fischer-Tropsch synthesis, oils from coking operations, etc.’ 

With the increased use of the diesel engine, and therefore 

reater demands for a good diesel fuel, many methods have 
ee developed in recent years for determining the ignition 
and knock characteristics. A large number of procedures 
have been proposed during this time, especially those using 
certain engines as a standard.’ 

More recently, agreement has been reached as to the 
methods of operating such standard engines—a step in the 
right direction.” Some of these methods employing a stand- 
ard engine are based on the ignition ability of the fuel. 
A. Schmid, W. Wilke, and others*® have shown that methods 
based on ignition ability of the fuel as the determining char- 
acteristic give good reproducible results, and that such 
methods give satisfactory and relative cetane numbers irre- 
spective of the type of engine employed. 

The engine commonly employed to determine cetane num- 
ber is the I. G. test-engine wherein the ignition conditions 
are kept constant and the compression made to vary.‘ An- 
other type of engine, the H. W. A. motor, is used quite 
commonly and where the ease of ignition is also the basis 
of the test.’ The cost of the standard motor and its equipment 
is one disadvantage of this type of test method. 

In order to determine the cetane number rapidly and 
cheaply many laboratory procedures have recently been 
developed which give reliable results.” The fact that the be- 
havior of diesel fuels in an engine is very much dependent 
on chemical constitution or structure of the oil, and on the 
chain length or molecular weight of the oil has led to the 
development of a number of laboratory procedures based on 
this concept. In other words, one or more constants of the 
oil related to structure and molecular weight or chain length 
are determinable in the laboratory, which will give a measure 
or value directly related to the ignitability of the fuel. In 
England such physico-chemical methods are those known as 
the aniline-point method, and in the United States a combina- 
tion of the aniline point and density in a method giving the 
so-called “diesel-index” of the fuel is used. It is said that 
these methods yield results comparable to the values obtained 
by straight engine tests. This is true in the main only for oils 
of similar origin and approximately similar boiling-point 
ranges, and especially for oils derived from crude oil. 

It is equally true for methods based on the hydrogen con- 
tent of the fuel. Here again there is only good agreement 
with engine tests for cetane number provided the origin of 
the oil is known. The user of diesel oils today, however, is 
hardly aware of the origin of his fuel oil 

There are, therefore, the above methods employing aniline 
point, diesel index, hydrogen content, the constant of 
Jentsch,* the viscosity-gravity constant,’ the ring-analysis,‘ 
and many others. A laboratory method which has recently 
come considerably to the fore is the specific-gravity method 
of Marder. This method seems to have survived, especially 
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From: “Oel u Kohle,” 39, 847-50 (1943)—Translated by E. J. Barth, Petroleum Technologist 








A SIMPLIFIED procedure has been developed to de- 
termine cetane numbers of diesel fuel oils based on the 
simple procedure of determining the density and boiling- 
point of the fuel, and by the use of tables which have 
been empirically developed from engine-test data. The 
fundamentals of the method were originally worked out 
by Heinze and Marder; this work led Marder to develop 
and devise the gravity method known by his name. 


The procedure outlined in this report will give the 
cetane number which is comparable to values obtained 
by the engine method. The specific gravity method of 
Marder furnishes cetane numbers which were checked 
and based on the throttle method of engine test pro- 
cedure. Our procedure is applicable to all sundry fuel 

oils of diverse origins except for those which contain 

anti-knock additives; the latter type are not commonly 
found in the market today. The advantage of the pro- 
cedure is its simplicity, its good agreement with the 
results of the motor-test method for determining cetane 
numbers by the ignition method. 


on the continent, perhaps as much due to the several dis- 
advantages of the other above-named procedures. Some of 
the disadvantages are inherent in such procedure; for in- 
stance, the ring-analysis method as a rapid laboratory method 
is entirely too time-consuming and awkward. Or, as in the 
case of other methods, the procedure gives only reliable 
results for certain fuels of specific origins. Due to the vast 
array of fuels which are now derived from many odd sources 
these methods are again unreliable. Today many of these 
commercial fuels fall in widely different boiling ranges; in- 
stead, the early fuel oils were usually in definite and narrow 
cuts. This has led to using (in many of the above procedures) 
a so-called average mole weight, instead of true molecular 
weight, where this constant had to be evaluated. True boiling 
points of these fuels do not correspond with many of the 
calculated average mole weights, and this has led to con- 
fusion and unreliable results. 

Any method to be at all worthy as a reliable laboratory) 
method for determining the ease of ignition or cetane num- 
ber of diesel fuels must stand up under correlation and give 
results identical to those obtained by the motor method 
Heinze, Marder and co-workers had originally compiled a 
large number of calculations and obtained such data in their 
work at the Coal Research Institute.® Based on this data 
they developed a so-called cetane-hydrometer which permits 
one to determine the ignition point as cetane number with 
the aid of a boiling-point index (SKZ) according to W 
Ostwald. This is a laboratory method. 

Diesel fuels of any origin or boiling-point range may be 
tested in this manner, except those which are mixtures of 
widely different density components, such as mixtures of 
kogasin and coal-tar distillates or oils containing knock 
suppressors. 

Heinze and Marder postulated in their development of this 
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method that the expression of density is an indication of 
the paraffinicity (or aromatic) nature of the oil, and also that 
the boiling-point index of the fuel is a measure of the in- 
crease in mole weight and therefore indicates the suscepti- 
bility to cracking for the particular or any oil. The thermal 
stability of oils and their ease of ignition had previously 
been determined by Boerlage and Broeze*® who conclusively 
showed that the ease or tendency for hydrocarbons to spon- 
taneously ignite increases with increase in molecular weight 
and therefore with rise in boiling-point of the oil. 

Marder developed his density procedure for determining 
cetane numbers from relative or reference cetane numbers, 
which were obtained in the older CFR-test diesel engine 
using the throttle procedure method. In the present com- 
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FIGURE 1 
Relationship of CaZ vs. density at 15 C. Result of 60 determinations 


100 


munication the attempt has been made to apply Marder’s 
method to present-day cetane numbers obtained by the 
ignition method and using his interpretation of ideas on 
this subject. 


Method and Value of the Data 


As mentioned above, the density indicates the paraffinic or 
the aromatic nature of an oil. The density is quickly and 
easily determined with the hydrometer with an accuracy 
sufficient to three decimal places. This part of the procedure 
lends itself readily to the rapid and simple laboratory method 
to determine the ignitability of an oil. The density test 
usually is needed in a general oil analysis. 

Besides the density constant there is also needed to deter- 
mine cetane values the so-called “average molecular weight” 
of the fuel under test. According to Heinze and Marder 
this constant is quickly and easily obtained from the boiling- 
point index. The latter is first determined in the laboratory. 


The boiling-point index (SKZ) is commonly determined 
by distilling the diesel fuel in the Engler-Ubbelohde distilla- 
tion apparatus as follows: the temperatures of 5, 15, 25 per- 
cent up to 95 percent distilled off are added and divided by 
10. It usually suffices to express the number so obtained in 
round numbers. In the case of very-high-boiling oils the dis- 
tillation is continued until cracking starts, evidenced by the 
temperature either dropping or remaining constant while 
more distillate is being obtained. The constant SKZ would, 
in the latter case, be obtained for instance, by (if the 85- 
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and 95-percent-off point were not obtained) omitting the 5 
and 15 percent temperatures from the addition, and dividing 
the sum of the remainder of the values by 6. 


Practical Procedure to Determine the Laboratory 
Cetane Number, or CaZiw 


After the density has been found, as well as the boiling- 
point index (SKZ), one next procedes to read from Table 1 
the value CaZso corresponding to the respective density. 

If the diesel fuel, for instance, shows a boiling-point index 
of 300, the value of CaZso read from the table would be the 
laboratory cetane number desired. Otherwise, one will obtain 
from Table 3 a cetane correction (CaZeorr.) related to SKZ. 
This correction is subtracted from CaZao to obtain CaZhap. 
When necessary the values in Tables 1 and 3 may be in- 
terpolated. In any case, the values obtained should be within 
the nearest 0.5 units. 

The calculations to obtain the cetane numbers by this 
laboratory method can be simply expressed by the formulas: 


(A) For diesel fuels with SKZ below 300: 
CaZiav = CaZssoo— > Re 

(B) For diesel fuels of over 300 SKZ: 
CaZia = CaZseo a Cat cs. 


Results and Testing Out of Data Obtained 


Sixty various diesel fuel oils were tested for density, boil- 
ing-point index, and the cetane numbers determined in a test 
diesel engine according to the theory of ignition character- 
istics.” We purposely chose fuel oils for this test work which 
were derived from many types of crude oils, as well as 
synthetic fuels; also oils were tested showing a large varia- 
tion in boiling ranges. The latter group of oils now quite 
commonly used are classified as “Miscellaneous Diesel Fuels 
II.” Most of the marketable oils today belong to this group. 
The oils in this group can be characterized also by their 
flash points, which usually lie between 21-55° C., and due to 
this, they generally show a lower boiling-point index or SKZ 
than do normal diesel or the petroleum fuels. The present 
research and comparative data have, however, shown that 
also this group of miscellaneous oils can well be evaluated 
for cetane value with good accuracy by our described pro- 
cedure. The results are thus obtained by a method which is 
outstanding for its simplicity and speed. It is well adapted to 
laboratory procedure and technique. See Table 2 and 
Figure 1. 

The cetane values determined by the engine method which 
are shown in these data were plotted on graph paper, show- 
ing these values as abscissae and the densities at 15° C. as or- 


TABLE 1 
Densities at 15° C. in Relation of CaZ. 








Den. @ 15° C. CaZ300 Den. @ 15° C. | CaZ300 
0.760 112 
0.762 | 110 
0.764 108 
0.766 106 
0.768 | 104 
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dinates. A curve was drawn through the cetane values which 
had boiling-point indices of 300 and upwards. The graph 
became useful in order to calculate intermediate values and 
by this means individual SKZ values were obtained. 

By this procedure we obtained the data shown in Table 3. 
Here are shown the correction factors for cetane number 
(CaZeo) corresponding to all SKZ values from 200 to 350 

With the aid of Table 3 the cetane values derived from 
engine tests of the 60-odd fuels were converted to the values 
CaZeo and plotted graphically. Figure 1 indicates the good 
agreement of these values with those in Table 1 which are 
shown also as part extensions of the curve. It is also seen 
from Table 2 that the cetane values derived from diesel tests 
show good agreement with the values derived and calculated 
by our newly developed laboratory method. 

The following table indicates deviations and maximum 


TABLE 2 


Calculated Laboratory Constants of 60 Diesel Fuel Oils of Various 
Origin, Showing Cetane Values Compared to Values by Standard 
Test Engine. 











l 2 3 { 5 6 7 
CaZ | 

| Motor | Difference 

Density (LG. | Between 

No. Type of Oil 15°C. | SKZ Engine) CaZiap | (5) & (6) 
l Hydrog. coal tar 0.965 263 =| 5.0 | 7.0 +20 
2 Hydrog. coal tar 0.952 255 | 7.0 7.5 +0.5 
3 | Stove oil (pet.) 0.949 312 28.0 | 28.0 +0.0 
4 Stove oil (pet.) | 0.945 327 — | «6298.0 =| 81.5 +2.5 
5 Stove oil (pet.) 0.937 | 346 «=| = «641.0 37.5 3.5 
6 Pet. Diesel oil 0.927 261 | 22.0 | 18.0 4.0 
7 | Hyd. Lignite gasoil 0.925 | 279 «| «=—27.0 |) «(26.0 1.0 
8 | Aruba Diesel oil 0.902 297 | 35.5 | 39.0 +3 5 
9 | Diesel oil 0.898 323 | 43.0 | 46.0 +3.0 
10 | Diesel oil Persian 0.897 361 55.0 | 52.0 30 
ll Diesel oil (pet.) 0.897 310 40.0 44.5 | +45 
12 | Diesel oil (pet.) 0.894 298 40.0 42.5 +25 
13 | French Diesel oil 0.893 270 32.0 33.0 | +41.0 
14 | Lignite Diesel oil 0.893 285 | 37.5 37.5 +0.0 
15 Pet. Diesel oil 0.891 279 | 37.0 37.0 +0.0 
16 Diesel oil (Lignite) 0. 887 252 | 30.5 | 28.0 25 
17 Pet. Diesel oil 0.884 289 41.0 42.0 +10 
18 Pet. Diesel oil 0.880 | 299 | 49.0 47.0 2.0 
19 | Shale oil Diesel fuel 0 879 285 =| 45.0 43.0 20 
20 | Cracked Diesel oil 0.878 265 40.5 | 36.5 4.0 
21 Diesel oil 0.878 294 | 43.5 45.5 +20 
22 Pet. Diesel oil 0.875 314 | 58.0 |S (58.0 +0.0 
23 | Pet. Diesel oil 0.874 284 42.0 43.5 +1.5 
24 Lignite tar gasoil 0.872 258 39.0 34.5 45 
25 =| Pet. Diese! oil 0.871 285 | 47.0 | 45.5 1.5 
26 Pet. Diesel oil 0.870 266 «=| 36.0 38.5 +25 
27 | Synthetic fuel 0.870 247 0 || «6380.5 =| «31.0 +0.5 
28 | Hydrog'd fuel 0.868 | 270 | 40.5 410.0 0.5 
29 | Hydrog’d fuel 0.860 260 40 | 400 40 
30 | Pet. Diesel oil 0. 859 272 4.0 | 44.5 0.5 
31 Pet. Diesel oil 0.859 283 48.5 | 48.0 0.5 
32 Pet. Diesel oil 0.858 261 43.0 40.5 2.5 
33 Pet. Diesel oil 0.854 273 46.0 | 46.5 +0.5 
34 U. 8. A. Pet. fuel 0.852 280 46.5 | 49.5 +3.0 
35 Pet. fuel oil 0.845 287 53.0 55.5 +2.5 
36 | Pet. fuel oil 0.844 284 55.0 54.0 1.0 
37 | Venezuela fuel 0.844 246 38.0 40.0 +2.0 
38 | Shale Diesel oil 0.844 279 53.0 52.5 0.5 
39 Miscel. fuel oil 0.844 234 | «36.5 34.5 20 
40 | Miscel. fuel oil 0.840 239 43.0 38.5 4.5 
41 | Miscel. fuel oil 0.840 231 39.0 35.5 3.5 
42 | Pet. Diesel oil 0.838 272 50.0 53.0 +3.0 
43 | Pet. Diesel oil 0.836 258 51.5 48.5 3.0 
44 | Pet. Diesel oil 0.835 277 54.0 54.5 +05 
45 | Pet. Diesel oil 0.834 275 57.0 56.0 1.0 
46 | Pet. Diesel oi! 0.833 277 54.0 56.5 +2.5 
47 Diesel oil 0.832 250 48.0 47.0 1.5 
48 | Diesel oil 0.828 242 43.5 45.0 +15 
49 Diesel oil 0.826 242 45.5 46.0 +0.5 
50 | Diesel oil 0.822 230 14.5 43.0 1.5 
51 | Diesel oil 0.820 230 34.5 44.0 +0.5 
52 | Diesel oil 0.813 213 405 | 39.5 1.0 
53 | Diesel oil 0.812 213 41.5 | 40.0 1.5 
54 | Diesel oil 0.812 213 38.5 40.0 +1.5 
55 | €Diesel oil 0.810 240 54.0 53.0 1.0 
| Diesel oil 0.798 244 61.0 62.0 +10 
57 Diesel oil 0.796 240 63.0 61.0 2.0 
58 F.-T. Kogasia Il 0.765 244 86.0 87.0 +10 
59 F.-T. Kogasin II 0.764 245 88 0 88.5 +05 
60 F.-T. Kogasin II 0.761 230 87.0 85.0 2.0 


== 
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TABLE 3 


Correlation of Cetane No. Corrections with Boiling Index (SKZ) 























SKZ Found CaZcorr.| SKZ Found CaZcorr.| SKZ Found CaZcorr. 
200 | 40.0 | 250. | 17.8 | 300 =" 00 
202 | 39.0 252 +e | ae 05 
204 | 38.0 | 254 | 16.0 | 304 7 te 
206 | $37.0 | 256 | 15.0 | 306 15 
208 | 36.0 | 257 |} 14.5 308 } 25 
210 : 35.5 | 260 | 13.6 | 310 3.0 
212 | 34.5 262 13.0 312 3.5 
214 33.5 | 264 | 12.0 314 7. oa 2 
216 32.5 266 . 316 cud 45 
218 31.5 | 268 10.5 318 ee 45 
220 31.0 | 270 10.0 320 50 
222 30.0 | 272 9 322 5.5 
224 29.0 274 8.5 324 6.0 
226 28.0 276 7.5 326 ; 6.0 
228 27.0 278 7.0 328 ; 6.5 
230 26.0 280 6.5 330 7.0 
232 25.5 282 5.5 332 75 
234 24.5 284 5.0 334 7.5 
236 24.0 286 4.5 336 8.0 
238 23.0 288 3.5 338 8.0 


240 22.0 290 3.0 340 8.5 
242 21.0 292 2.5 342 8.5 
244 20.0 294 2.0 344 9.0 
246 19.0 296 1.0 346 ; 9.0 
248 18.0 298 0.5 348 95 


errors that can prevail in determining the cetane numbers 
by the laboratory method and by the engine-test method for 
the 60 diesel fuel oils which were tested under carefully con- 
trolled and identical engine conditions: 


4 determinations with a 0.0 Ca Z error 
11 determinations with a 0.5 Ca Z error 
9 determinations with a 1.0 Ca Z error 
7 determinations with a 1.5 Ca Z error 
8 determinations with a 2.0 Ca Z error 
7 determinations with a 2.5 Ca Z error 
5 determinations with a 3.0 Ca Z error 
3 determinations with a 3.5 Ca Z error 
3 determinations with a 4.0 Ca Z error 
3 determinations with a 4.5 Ca Z error 


As an overall average an error of about 2 cetane numbers 
developed in all of the 60 tests which were made. Only 10 
percent showed a difference of from 4.0 to 4.5 cetane num- 
bers between the motor method and our new laboratory pro- 
cedure, the 4.5 value being the maximum. The values ob- 
tained by the laboratory procedure are therefore seen to be 
well reproducible and in good agreement with actual engine 
tests and we could check all results in second tests well 
within a maximum cetane difference of only plus or minus 
0.5 cetane number. 
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identification of Type and 


Classification of Lubricating Greases 


By Visual and Photographic Means 


ALBERT E. HICKEL 
Consulting Lubricating Engineer 


ais grease has what the grease maker calls a 
certain structure. Structure of the heavier greases, or 
block type, can be observed easily by “breaking” a 
slab of the grease. Structure of the softer greases 
cannot be seen very well and when photographed, 
these greases show only a rough surfaced mass. 

To obtain more distinct patterns, a method had to 
be devised by which each class of greases can be 
inspected and identified, because each soap, such as 
sodium, calcium or aluminum, forms characteristic 
patterns in the finished greases. 

Each grease was carefully metered for an exact 
amount in a 2.5x3 inch steel plate having a thick- 
ness of 0.069-inch and a 13/32-inch diameter hole in 
the center of the plate. This plate is laid on a 
2.5x 3x '4%-inch thick glass plate and the 13/32-inch 
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FIGURE 1 
lhe meter plate D is 0.069” thick. 
Che diameter of the hole in the meter plate 13/32 inch = 
0.406 = 0.1295 square inch of grease in the 13/32 inch hole 
0.069 & 0.1295 = volume, 0.0089 cubic inch of grease to 
make each grease film 1% inch in diameter = 1.767 
square inches 


0.0089 
~_ = 0.005-inch film thickness on all greases tested. 
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* 
diameter hole in the steel plate is filled with the 
grease and smoothed over with a small spatula. The 
grease will adhere to the lower glass plate and the 
meter-plate is carefully lifted off. If the grease should 
not adhere to the glass plate, the grease is too rub- 
bery and would not be fit to use in actual service. 

After the steel plate has been lifted off, a thin 
paper shim E which is 2.5 x 2.5 x 0.0003-inch thick 
and having a 2-inch diameter hole in the center, is 
placed over the grease sample on the lower glass 
plate. This shim greatly assists in obtaining uniform 
pattern, whereas without any shim between the glass 
plates an uneven break would result. 

The glass plate A and shim E are now placed in 
the grooves of the lower frame B. This lower frame 
has four %-inch diameter by 4-inch long steel rods 
screwed into a %-inch steel plate, one rod in each 
corner to act as guides in the assembly and are use- 
ful when the two frames are pulled apart after the 
test, in order to prevent slipping or tilting and so as 
to obtain a perfect “break” of the grease film between 
the glass plates. 2 

The other glass plate, of the same size as the first, 
is now placed in the grooves of the upper frame C 
but crosswise to the lower glass plate. The upper 


FIGURE 2 


{397} 125 








FIGURE 3 


frame is also provided with four holes to 
fit the four guide rods in the lower frame. 
The assembly is now complete (see Fig- 
ure 2). 

The control of the final diameter (1%- 
inch) which will produce a film thickness 
of 0.005-inch, is obtained by specified pres- 
sure for each grade or consistency of the 
grease to be tested. The instrument 1s 
placed on a small platform scale and cor 
rect pressure is applied for a specific time 
in seconds, which will give the 1'%-inch 
diameter pattern ; we found that this diam- 
eter pattern is more representative and 
easier to analyze, than when a 2-inch 
diameter pattern is made, which would 
have only a 0.0003-inch thick film. 

By applying a constant pressure of 20 to 25 pounds 
for the softer greases and 50 to 60 pounds for the 
medium greases and 80 to 100 or 150 pounds for the 
heavier greases, a uniform film 1%-inch in diameter 
and 0.005-inch in thickness is obtained. The soft and 
medium greases take about 30 to 35 seconds to spread 
into a 1%-inch diameter spot, while the heavier 
greases take 45 to 60 seconds at normal room tem- 
perature. 

The upper frame is now raised by means of a 
threaded ring bolt F which is screwed into the center 
of the upper frame C, having %-inch brass plate on 
top and is now carefully raised so as to obtain a 
perfect “break” of the grease film between the glass 
plates. 

In testing various greases, it was noticed that each 
grease produced a distinct and indiytdual pattern, 
i.e., an aluminum-stearate-soap grease film pattern 
containing Latex or Paratac.is different from that 
of a calcium soap grease film pattern, but without 
Latex or Paratac, the aluminum-soap grease shows 
a pattern similar to calcium-soap grease, if both 
greases are about the same consistency. Lithium- and 
barium-soap greases having short-shear structures 
will show a pattern similar to calcium-soap greases, 
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FIGURE 4 


but their light color and softness will easily be recog- 
nized by an experienced operator. 

To study these grease films more thoroughly, the 
original 1%4-inch diameter pattern was photographed 
so as to obtain a final picture 4 inches in diameter or 
an enlargement of 234 times the original. 

The best results were obtained by photographing 
these grease-film patterns by means of a strong re- 
flected light against a white background (light field) 
using process films and a Velox No. 5 paper. 

The fifteen different greases tested and photo- 
graphed. 

One specimen of the calcium-soap pattern is illus- 
trated in Figure 3 (cup grease, grade 3). 

This calcium-soap pattern always portrays a 
branch-like structure, having a great many smaller 
side prongs. The branches are heavier and more 
widely separated in the softer greases, while in the 
heavier greases, the branches are thinner and show 
a more uniform structure. 

The “soda-soap” patterns as illustrated in Figure 4, 
shows a more concentrated pattern than the calcium 
greases, especially in the heavier grades and the 
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FIGURE 5 


milled greases, as illustrated in Figure 5. 
The light soda-soap greases, such as A. F. 
bearing grease show a more open type pat- 
tern which is characteristic of all lighter 
grades.of soda-soap greases. They also have 
fewer side prongs than those of the calcium 
soap type. 


Aluminum-Stearate-Soap Greases 

\ll aluminum soap patterns show a dis- 
tinct fern-like pattern, when Latex or 
Paratac is incorporated in the grease. The 
lighter grades as in Figure 6, have an open 
type floral design while the heavier grades 
show a more concentrated floral pattern. 

It was observed that the lighter bodied 
greases in all classes, form a more all-over 
open pattern, while the heavier greases have 
a more dense pattern. 

The operator who handles many of these grease 
patterns soon will be able to tell what pressure and 
time are required to obtain the correct pattern. He 
could have a set of reference or control photographs 
of his “standard” greases for use in comparing with 
other greases. 

These patterns do not necessarily have to be photo- 
graphed each time. A visual inspection will tell the 
experienced operator how to classify the greases: 

l. By the structure or pattern which represents 
the kind of soap. 

2. By the pressure used to obtain the correct diam- 
eter pattern which represents the ASTM grade 
(penetration). 

3. By the color of the structural film which repre- 
sents either a light or dark oil (viscosity). 

t. By the pattern which will show if the sample 
contains more than one soap as shown by the changed 
pattern over his original. 

5. By visual inspection which will show if the 
sample is free from impurities, dirt or other foreign 
substances, or if it contains fillers. 
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FIGURE 6 


These tests, like so many other physical tests, do 
not show quality, but will save the analytical chemist 
considerable time and trouble. 

Figure 5 shows a thoroughly milled grease as 
compared %# the unmilled fibre greases shown in 
Figure 4. The milled grease shows plainly a more 
concentrated and evenly distributed pattern which 
is due to breaking up the long fibres into a smooth, 
short-shear product, yet the consistency on both 
greases is about the same. 

To produce uniform greases, i.e., to duplicate the 
structure, appearance, consistency and melting points 
in the finished greases of the various classes men- 
tioned, it is necessary to use the highest skill of an 
experienced grease maker. The slightest change in 
the conditioning, such as excessive or insufficient 
boiling of the soap or unnecessary cooling of the 
batch during the processing, will change the uni- 
formity of the structure of the grease with a lower- 
ine of the physical constants. 
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Personnel Training for 


Workers 


H. B. NORTHRUP, Director, 
Mineral Industries Extension Service, The Pennsylvania State College 


sa petroleum-refining industry of today is prob- 
ably the best example of the direct application of 
science to manufacturing of any of the multitudinous 
industries of the world. Modern, competitive, petro- 
leum refining is a direct commercial application of 
the findings of the research laboratories, and, be- 
cause of its complex nature, this industry probably 
employs a higher percentage of technically-trained 
men than is common to any other industry. 

Petroleum-refining methods and techniques are in 
a constant state of flux. Newer and better methods 
of processing are announced with startling frequency. 
These result from research directed toward better- 
ment of product, lowered cost of production, discov- 
ery of new methods of processing, and from the pres- 
sure of competition. Once committed to research, the 
industry dare not relinquish that function else it will 
be immediately sunk. 

Research activities are mainly the function of a 
learned personnel of the doctorate level, assisted, 
usually, by a few staff members of the masters or 
bachelors level. The last two groups, working under 
learned men, and not being subjected to the stress 
of production, themselves become learned and are 
outside the scope of this paper. 

The plant control laboratory has the function of 
interpreting the results of research and of making 
and maintaining in production those products that 
management decides to place on the market. This 
group is headed by learned men also, but the staff 
is composed, in the majority of instances, of a larger 
percentage of personnel with less than the doctorate 
degree, and usually by a considerable percentage of 
operatives of the high-school-graduate level who have 
been trained to perform certain specific tasks satis- 
factorily. Here is our first.demand for training. 

The specifications for employment in practically 
every branch of industry are fixed by the type of 
service to be rendered. The employment office main- 
tains these specifications as closely as the current 
labor market will permit on the basis that a certain 
minimum level of learning is necessary for each job 
classification in the plant. Industry has always de- 
pended upon the personal ambition of the job seeker 
to obtain basic and advanced knowledge that it could 
use. Should the supply of personnel adequately pre- 
pared to occupy some definite job be insufficient, a 
corps of the most likely applicants must be em- 
ployed, since the work must go on. Those persons 
must be trained immediately for the job at hand. 

The question arises: Who should do this training? 
If they are trained by the plant, “on the job,” they 
will be trained properly and specifically to do some 
one job well. But they doubtlessly will be given little 
training in the fundamentals, and therefore be in- 
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capable of analytical ability should trouble arise in 
their work. Why take valuable plant time to train 
in fundamentals on the job? Why not sponsor and 
delegate such training to an educational institution 
whose business it is to do such work through its 
extension agencies? 

Then there is that other and larger group, the 
laborers, pipe gang, still operators, tower men, etc. 
Who can say that among this group there are no 
latent executives, or highly intelligent men? It has 
been proved that many do exist. Why not sponsor 
a general, long-range, vocational-technical educa- 
tional training program in petroleum refining, open 
to all who care to improve their status? Experience 
has demonstrated that such a program provides a 
basic understanding of the industry as a whole on the 
part of each worker completing the curriculum, makes 
for a smoother running plant, and tends toward more 
economical operation. Experience has proved also 
that plant operatives are, generally, quite anxious to 
improve their status and that they are willing to en- 
roll in classes designed to meet their aims, in propor- 
tion to the encouragement they receive from their 
superiors. Unquestionably, the perception and the 
attitude of management are qualities that are essen- 
tial to the success of any training programs organ- 
ized for workers in any given plant. 

It would appear that the business of the refinery 
is to produce and sell economically, any products ob- 
tained from the processing of crude oil, through the 
application of science and technology. The entire 
refinery is, in fact, a glorified research laboratory and 
it is operated with just as much precision and appli- 
cation of exact science. In many instances, the plant 
also engages in teaching bits of science and/or tech- 
nology to restricted persons or groups so that they 
may apply the specific training to some definite phase 
of the industry. It is recognized that some plant in- 
struction and training is necessary, but it should, in 
the best interest of the business, be directed to the 
application of fundamental knowledge that has been 
obtained from other sources. 

It would appear to be the business of the educa- 
tional institutions to teach the sciences, and the 
fundamental technology of petroleum (as well as 
that of other industries). Industry pays taxes which 
are comparatively high. Some of this tax money 1s 
directed, in one way or another, into educational 
channels and toward the support of designated state 
institutions of learning. Many industries are not 
benefiting from the educational services available, 
mainly because they are not fully informed concern- 
ing the types and extent of the facilities available 
to them. 

Certainly no industry in the United States should 
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have any cause to lament the lack of educational 
facilities to adequately train prospective and in-serv- 
ice employes. This is true in Pennsylvania, especially 
in the field of mineral industries. In residence in- 
struction, practically all educational institutions of 
higher learning provide training in all branches of 
science. Graduates of such institutions, equipped 
with the bachelors, masters or the doctorate degrees, 
are the future leaders in all branches of science and 
constitute the future “captains of industry.” In addi- 
tion, many institutions maintain organized extension 
services that are committed to serve industry and the 
people of the state with a wide variety of educational 
and training programs that are geared to the indus- 
try, and designed to fill practically every basic 
vocational-industrial need. 

Thus, the extension classes organized under insti- 
tutional guidance are backed by the entire facilities 
of the institution which makes them available to in- 
dustry. Many vocational-technical educational pro- 
grams are available free of charge under the federal 
Smith-Hughes, George-Deen and other laws. Such 
programs usually are operated by the institution in 
cooperation with the state department of public in- 
struction and the several local school districts “un- 
der public supervision and control.” 

Through many years of experience in working with 
industry on vocational-technical extension programs 
for its in-service workers, the following has been 
found to be true generally: 

1. The most successful programs are those that 
have the undivided moral support of the industry 
concerned. This is an important factor, as there is a 


vast difference between “dignified acquiescence” and 
“enthusiastic cooperation.” 

2. Industry is prone to place the “man before the 
boy.” In fact, man himself, is an egotistical animal 
and, being prone to over-estimate his own ability, 
usually insists on eliminating the fundamental 
courses, such as chemistry, physics, and mathematics, 
and starting immediately with the studies pertaining 
to his immediate job. Likewise, many industries want 
short, intensive programs, tailored to make the class 
personnel available immediately for advanced em- 
ployment; they tend to minimize the necessity of 
teaching fundamentals first. A graded, articulated 
curriculum is the most satisfactory method of treat- 
ment in any program of vocational-technical training, 
and, in addition, is good pedagogy. 

3. Education and training is a never-ending proc- 
ess. Therefore, refresher courses and advanced 
courses should be scheduled, and a continuous, re- 
volving, educational and/or training program should 
result in a more efficient personnel. 

4. The training program should be offered to the 
workers only after management is completely con- 
vinced of its advisability and has consummated the 
plans for its operation. 

5. The immediate results of a training program 
sponsored by industry accrue to the industry directly. 
The individual is, generally, scarcely aware of his 
own advancement. 

6. Finally, education is training and training is 
education. Neither can be divorced from the individ- 
ual and both tend to raise his standards as well as 
those of the industry of which he is a part. 


Uses in Petroleum Industry 
For Uranium Atom 


R. E. FEARON, Physicist 
Consultant, Well Surveys, Incorporated 


\ HEN this article was requested of me, it was 
suggested that perhaps I should write some remarks 
on the future applications of atomic (nuclear) energy 
by the oil industry. This I intend to do, but because 
itis much too early to dissect the new knowledge, 
lacking:a thorough understanding of how to make 
such a dissection, I shall first dwell a bit on the 
romantic aspects of these modern discoveries. 


Knowledge and Memory 

Not on Okinawa, nor at the summit of the volcanic 
cone of Surabachi, did the most significant event of 
this war take place, but rather the great event 
occurred near Santa Fe, New Mexico, about the 
middle of July. It was here that two wars were won 
in the successful tryout of the “atomic bomb”: the 
War against the Mikado and the war against the stub- 
bornness of nature, which so long has held the secret 
of the internal energy of the atomic nucleus. 

Today we pick up arrowheads on old Indian battle- 
grounds, or perhaps discover a skull on a place where 
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te scope of this article has been deliberately limited 
to the consideration of Uranium 235 as a possible 
source of atomic pewer. This is done with full realization 
that other substances may be, and probably are being 
used to produce the nuclear chain reaction in the atomic 
bomb. Any of these may prove to be of use industrially, 
but because prewar data on the manufacture and prop- 
erties of these does not exist, and because information 
from the government project has not been released in 
full, they are omitted from the discussion. 

The author is indebted to Mr. Jay Callahan, Mr. C. E. 
Duller, and to Mrs. Fearon, for reading and criticizing 
the manuscript. 





Egyptians fought, without ourselves knowing who 
were the leaders of the armies; we do not know what 
they were fighting for ; we do not know who won. We 
do not care. At the same time, perhaps, Agricola, the 
first metallurgist, may have been pounding out an 
implement from a new kind of metal. We have for- 
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Relative Effectiveness of Some Ways of Storing Energy 
KWH PER LB 
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HAMMER BOW COMPRESSED URANIUM 


This chart shows the relative weight efficiency of various ways of storing energy, including 
Urenium 235, the postulated working substance of the atomic bomb. For —— air, it hos 
been assumed that one pound of air was confined at room temp of ten 
atmospheres, and then permitted to expand against a piston too quickly to bet, any heat from 
its surroundings. The one-pound hammer was assumed to reach a speed of 100 feet per second. 





gotten Agricola, too, but today the influence of the 
things he did increases constantly, whereas we hardly 
know that those ancient battles occurred at all. To- 
day we remember Okinawa, and we shall remember 
it tomorrow, too. But the atomic bomb will change 
the face of the world through all the centuries to 
come. We will be compelled to remember it with 
increasing intensity as time passes. Mankind dis- 
covered the wheel and axle; mankind found out how 
to temper iron ; mankind has utilized steam and elec- 
tricity, but at last, and at the climatic moment of the 
greatest war in recent history, we have discovered a 
new and hidden source of energy, tremendously 
available, and surpassingly great in its magnitude. 
And these superlatives are hardly sufficient to prop- 
erly state the case. Perhaps I am one who sees 
visions and dreams dreams, but be that as it may, 
these visions are the panorama of the future, and 
these dreams are as solid as granite mountains. I shall 
set forth the facts on which these assertions rest. 


The Greatest Sources of Energy 


During each era of man’s history, there has been 
some way of storing energy and using it to accom- 
plish things that could not be done with the bare 
hands. One of the earliest methods of storing energy 
was by imparting motion to a spear or hammer. 
Later, energy was stored in the form of elastic strain 
of materials, as in the shaft of a bow. Relatively re- 
cently, energy has been stored in compressed air, and 
in the last few decades, energy has been kept in a very 
available form by the use of gasoline, and in high 
explosives. The most compact storage of energy since 
time began is none of these, but the Uranium 235, 
which, very likely, is the prime mover of the atomic 
bomb. 

The amount of energy stored in a pound of ma- 
terial, by each of several methods is shown in an 
accompanying chart. 

In order to get the bar corresponding to the 
Uranium 235 on our paper, it has been necessary to 
very much contract the scale of measurement cor- 
responding with the higher values of energy. 
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Nuclear vs. Atomic Energy 

When TNT explodes, the energy is evolved be- 
cause the atoms present in the original TNT molecule 
rearrange themselves in new and stabler ways, 
making up new molecules with less available energy, 
The TNT bomb is, therefore, an “atomic bomb,” be- 
cause its energy is derived by rearranging atoms into 
new combinations. The atomic bomb of recent his- 
tory is, however, really a nuclear bomb, since its 
energy is not derived by rearranging whole atoms in 
new ways, but rather by rearranging the matter of 
the inmost part of the atom, the nucleus, into new 
forms, creating new nuclei and new and different 
atoms thereby. In the explosion of the fission or 
atomic bomb, as in the explosion of individual atoms 
in a radioactive substance, there is a real trans- 
mutation of elements. Practically every known 
spontaneous transmutation of elements produces im- 
mensely more energy per unit weight of material 
involved than is derived when atoms are rearranged 
into new molecules. 


Table 1 illustrates these facts. 


Atom Splitting on a Grand Scale 

In ordinary radioactive processes the nuclei of the 
atoms split, but the fragments are so unequal that it 
is as if a little chip was knocked off a sphere of 
nuclear matter. In the fission of the Uranium 235, 
however, the nucleus of the uranium atom practically 
breaks in two in the middle. The energy produced 
when a uranium atom undergoes fission is tremen- 
dously greater than the energy produced when little 
chips are knocked off, as can be seen by comparing 
item 5 with items 3 and 4 in Table 1. Moreover, the 
number of atoms splitting in a reasonable time in a 
pound or two of any available common radio element 
such as radium, is incomparably less than the number 
of atoms split when one pound of the active sub- 
stance of an atomic (nuclear fission) bomb undergoes 
the fission explosion process. Table 2 illustrates these 
facts. 

Furthermore, by means not 
Uranium 235 can be made to undergo its atom- 
splitting process when desired. The other examples 
of atom splitting noted in Table 2 are not subject 
to any such control. Truly then the explosion of an 
atomic bomb is an atom splitting process on a grand 
scale. 


publicly disclosed, 


Controlled Atom Splitting 
While the atomic bomb itself may be of use as an 
explosive in some large engineering projects, it is a 
question of major interest for other uses w hether the 
TABLE 1 


Energy Generated 


Type of Process 
| per Pound of 





Substances Involved Atomic Neclear | Products Fuel Employed 

C+02 x CO2 4.15 KWH 

2H2+0O2 x 2H20 15.4 KWH 

Ra x Rn-+He 250,000 KWH 

Th x Ms Thi+He 220,000 KWH 

Uass x Ba+Kr 9,000,000 KWH 
TABLE 2 


(Nuclear Reactions ) 


No. of Trillions of Atoms 
Splitting per Pound per 
Second (or During Time 


Energy Liberated per 
Pound of Material per 
Second (or During Time 





SUBSTANCE of Fission Explosion) Products of Fission Explosion 
Radium 13.2 Joules* Rn+He 16.8 
Thorium .000015 Joules | Ms Thi+He 


.000002 
Uranium 235 32,900,000,000,000 Joules Ba+Kr 1,170,000,000,000 








* 4 Joule equals ten million ergs. equals one watt second. 
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tremendous energy available in the splitting (fission) 
of Uranium 235 cannot be liberated more slowly, at 
any desired rate. It is my opinion, as a nuclear 
physicist, that this can be readily done. In fact, I feel 
sure the problem is already solved. 


Production of Uranium 235 


Before considering the uses of the atom splitting 
process it is in order to see something of the proba- 
bilities we face in trying to extract Uranium 235 for 
industrial purposes. Uranium 235 occurs in nature 
mixed with another kind of uranium known as 
Uranium 238. There is approximately 100 times as 
much Uranium 238 as there is of the 235 variety. The 
two kinds of uranium differ from each other only in 
the masses of their atomic nuclei, and in the ability 
of Uranium 235 to undergo a splitting process in a 
controlled manner, or to cause an explosion, as de- 
sired. The atoms of the different kinds of uranium do 
not resist separation; they merely defy us to detect 
the difference between them. 

There are, however, many kinds of physi al differ- 
ences between the two kinds of uranium and their 
respective chemical compounds. Most of these differ- 
ences are small, but some are considerable. It is my 
opinion that the problem of extracting Uranium 235 
from the naturally occurring mixture of uranium will 
be completely solved within a few years, to the extent 
that this separation will not represent a serious 
economic obstacle to the industrial use of atomic 
(nuclear) energy. 


Availability of Uranium in Rocks 

Rocks having 15x10°* grams of radium per gram 
of rock will yield an amount of Uranium 235 which, if 
extracted would furnish nearly enough energy by 
atom splitting to correspond with the energy avail- 
able from a weight of coal equal to the original 
weight of the rock. Many common rocks have much 
more Uranium 235, and good ores are over 100,000 
times better. In view of these facts, energy from 
Uranium 235 can be very abundant, even though the 
better ores are comparatively scarce. 


Products of Atom Splitting 
With the above conclusions in view, it becomes 
expedient to consider what results from a nuclear 
hssion (atom splitting) process. The fission of Uran- 
tum 235 directly or indirectly generates the following 
valuable products, some of which more or less over- 
lap, but are set out separately in order to convey to 
the reader the most information: 
l. Energy, which can be used to generate steam, or produce 
chemical reactions. 
2. Gamma rays (like X-rays). 
3. Beta rays (rapidly moving electrons). 
4A very strong stream of neutrons (moving neutral particles 
having approximately the mass of a hydrogen atom, but 
_ Squeezed into enormously less space). ; ; 
9. New substances, made up of the larger fragments of the 
Uranium 235 nucleus. 


Importance of Nuclear Power to 
Petroleum Industry 
_ Applications of these products are bound to occur 
in all industries. I summarize here a few which | 
think will occur in connection with petroleum ex- 
ploration, production and refining: 

1. Chemical or Physical Tracers (Synthetic Products, 
Refining and Production: Wherever we wish to follow 
the course of a group of atoms through a series of 
themical reactions, this may be done by identifying 
the desired group of atoms, by making them radio- 
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active, or using non-radioactive atoms of unusual 
atomic weight. Such special atoms for use as chemi- 
cal tracers may be made in new order of abundance 
and cheapness by using fission fragments of Uranium 
235, or by using neutrons derived from Uranium 235 
to manufacture these special groups of atoms out of 
ordinary ones. 

To learn the actual physical location of some ma- 
terial which it is desired to identify, in the course of 
absorption, filtration, flow, or permeability measure- 
ments, or for observing distribution of materials in 
inaccessible places, radioactive tracers manufactured 
by nuclear fission methods may be used. For ex- 
ample, it is possible to identify permeable zones in 
the rock formations by using drilling mud to which 
a radioactive element has been added, and then mak- 
ing a radioactivity well log. Similarly, it is possible 
to identify the bullets used in perforating by radio- 
active matter, or one may identify a casing collar or 
a plug, if desired, by similar means. The distribution 
of cement may be followed by putting radioactive 
matter in it, and then making a radioactivity well log. 
In trying to force cleaning fluids through a stopped 
pipe in a refinery, with steam, the progress of the 
cleaning fluid into the stopped pipe may be followed, 
if the pipe is above ground, or only buried a few 
inches, by using a radioactive substance in the clean- 
ing fluid, and a detector of gamma rays outside the 
pipe. The settlement of basic sediment and water 
from oil in long pipe lines may be followed by putting 
into the oil a radioactive contamination which will 
be separated with the basic sediment and water. 
Radioactive substances of over a hundred kinds, with 
chemical and radioactive properties adapted for 
almost every use, may be made abundantly and 
cheaply by the fission of Uranium 235. 

2. Identification of Samples of Material. (Geology, 
Well Sampling): The various rocks and minerals of the 
earth, as well as samples of natural or synthetic car- 
bon compounds, may be bombarded by any or all of 
the radiations resulting from the fission of Uranium 
235. There will be scattering of the original rations 
and production of new secondary rays of a different 
nature. These secondary rays may be used to study 
the samples, both photometrically and visually, to 
observe their properties, and the nature and distribu- 
tion of the components entering into such samples. 
These methods of inspection have been available for 
years, but the extreme reduction in cost of sources 
of nuclear radiation will greatly broaden their field of 
application. In a geological sample, for instance, the 
beta rays derived from a radioactive source might 
readily be used to isolate fossil shells, foreign crystals 
of material included in a shale, or concretions, since 
all these would fluoresce in a way different from the 
background in which they lie. Color or intensity of 
light, or very likely both, would offer a ready basis 
for visual study in these cases. The strong flux of 
neutrons available would be particularly valuable 
and would open up a world of new possibilities, be- 
cause of the extremely peculiar nature of the neutron 
rays. Since neutrons interact only with the nuclei of 
atoms, we have here a method for learning about the 
elements present in a sample, entirely apart from 
their state of combination. If we use crystal diffrac- 
tion methods, on the other hand, it is possible to 
learn not only the state of combination of the 
elements present, but the type of crystallization, size 
of individual crystal, and whether or not the rock has 
been mechanically worked, as in metamorphosis. 
These observations would be generally useful for 
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geological correlation, micro-paleontological studies, 
regional studies, and for geologic history and 
cosmology. Material to supply radiations needed for 
such purposes can be produced at low cost and in 
abundance by methods using the nuclear fission 
(atom splitting) of Uranium 235. 

3. Study and Testing of Mechanical Components 
Used in Oil Fields (Production—Pipe L ime): The scope 
and use of radiographic and fluoroscopic investigation 
of mechanical parts will increase vastly because of 
the new cheapness and convenience of application of 
gamma ray sources for such purposes. Moreover, it 
will be possible to select the gamma ray penetrating 
power for the job, siasetialeg which has not been 
available as long as industrial radiography was tied 
down to the use of radium. For instance, radiography, 
or perhaps, merely radiation measurement, can be 
used to seek out and determine the extent of flaws or 
variations in the thickness of casing, or drill pipe, 
to determine presence of voids in castings, and to 
ascertain what was the cause of failure of sucker 
rods, drill pipe or casing in some instances. The 
availability of enough intensity of radiation to permit 
fluoroscopic methods will aid very greatly by helping 
to determine accurately the best direction and point 
of origin for radiation, and similarly, the high in- 
tensity will cut down on exposure time. Special pre- 
cautions will be necessary, and trained personnel will 
have to be developed to take advantage of these 
opportunities. Radioactive materials for these control 
and inspection operations, and for studying the 
causes of failures, can be made abundantly and 
cheaply available by atom splitting of Uranium 235. 

4. Use of Radiations to Generate Chemical Reactions 
(Refining, Synthetic Chemicals): Nuclear radiations, 
like heat, can be used to produce or accelerate chemi- 
cal reactions of various kinds which may be desired 
in industry. These things are at the fringe of present 
knowledge, and we can see but dimly what the future 
holds. We do know, however, that some gaseous 
hydrocarbons may be transformed into liquid and 
solid ones by means of radiations derived from atom 
splitting. Such experiments have already been tried 
on methane and ethylene, in particular. Likewise, 
acetylene is transformed into a solid by means of 
nuclear rays. If gaseous or liquid hydrocarbons are 
exposed to rays derived from atom ‘splitting, and if 
substances containing arsenic, phosphorus or sulphur 
and other such elements are present, compounds con- 
taining these elements generally will be formed. 
Ozone and nitrogen peroxide may be made from air 
or oxygen, and employed for any uses they may have 
in the oil business. Abundant quantities of radiation 
for all such purposes may be had, in the future, by 
atom splitting of Uranium 235. 


Not All Power Sources Will Be Operated by 
Atomic (Nuclear) Energy 

So far, I have discussed new tools and methods of 
working which will aid the oil business in various 
ways. There is, however, the prospect that petroleum 
may be somewhat replac ed as a source of energy with 
the advent of atom splitting. If the predictions I have 
made in earlier parts of this article prove correct, 
such a conclusion is inescapable. There is a saving 
feature from which petroleum producers can derive 
some comfort, nevertheless. It appears thus far that 
it will be impractical to try to construct sources of 
nuclear energy on a smal scale. Every atom-splitting 
power plant will need at lot of radiation shielding 
around it, in the form of lead or iron, and alternate 
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layers of water or paraffin, protect workmen 
against the powerful gamma rays and neutrons which 
would otherwise escape. Moreover, if the atom- 
splitting energy is used to heat water, the water and 
the steam produced from it will be rendered radio- 
active by the enormous number of neutrons it ab- 
sotbs. The iron walls of any boiler would become 
radioactive also. The radioactivity of the water itself 
would come about because of the transmutation of 
elements held in solution, or because of the trans- 
formation of heavy hydrogen in it to make hydro- 
gen of atomic weight three, a radioactive element. It 
is my opinion, therefore, that engines of small horse- 
power, in places where electricity is not available, 
will continue to use gasoline. Also, the adaption of 
nuclear energy to aircraft uses presents very serious 
problems in all except the largest aircraft. 

For large ships, and especially for submarines, there 
is a good chance that energy derived from atom split- 
ting may displace other fuels. For heating, the pos- 
sibility exists that large installations will use Ura- 
nium 235 or something similar, in place of other fuels. 
The net result to the petroleum industry will not 
necessarily be an injury, however, since atom energy 
may sufficiently stimulate industries consuming pe- 
troleum to offset the losses. A general enlargement 
of industry, brought about by the new prime mover, 
would require more lubricants, more organic synthe- 
tics, and more rubber and rubber like produc ts, many 
of which could be derived from petroleum. 


Hotter Than the Insides of the Stars 


There has been a great deal of speculation in the 
newspapers about the temperature and energy pro- 
duction of the atomic bomb at the moment of its ex- 
plosion. Since it is so far from thermal equilibrium, it 
is probably meaningless to speak of temperature of 
the exploded bomb in any ordinary sense. This, and 
the fact that the nature of the products of the ex- 
plosion is not surely known, account for the wide 
differences between the estimates of temperature 
which have been offered. According to authorities 
who studied Uranium 235 before the war, each atom 

f Uranium 235 generates 2.8 hundred billionths of 
a watt second when it is split in two. This is suf- 
ficient to raise the temperature of the mass to about 
2 trillion degrees if we assume the products are 
3arium and Krypton atoms and neglect the energy 
received by the neutrons. If we include both atoms 


and neutrons, and assume that they all share the 
energy of the explosion equally, the temperature 


comes out around 700 billion degrees. If we assume 
that all the electrons are separate from the atom 
nuclei, and allow an equal share of the energy of 
the explosion to each one of these electrons, along 
with the atomic nuclei, the temperature is about ‘ 
billion degrees. In presenting these figures, I have 
assumed less than perfect efficiency in using up the 
Uranium 235, which the bomb is assumed to con- 
tain, and I have supposed that, at the moment of 
explosion, there is a brief instant before the energy 
begins to be lost to material adjoining the Uranium 
235. At the lowest estimate, the temperature is at 
least a 100 times hotter than the insides of most stars, 
and probably much hotter than anything else in the 
universe. It is, therefore, a masterpiece of under- 
statement to say that we have found the secret of 
the energy of the stars, for the stars have no energy 
like this, but ordinarily derive their power from 4 
lower grade of atom-splitting reactions. 
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The Determination of Metals 


In Lubricating Oils 


LOUIS LYKKEN, K. R. FITZSIMMONS, S. A. TIBBETTS and GARRARD WYLD 
Shell Development Company, Emeryville, California 


sass paper gives the experimental background 
of the tentative methods D810-44T and D811-44T 
standardized by the American Society for Testing 
Materials. The procedures presented here cover sev- 
eral applications which were not required by ASTM 
but which the authors believe should not be omitted 
from a completely general method. The schemes of 
analysis are fundamental in nature, being applicable 
to most organic materials and to inorganic materials 
which are soluble in dilute acids. The procedures 
are reproduced in complete form because the authors 
believe that detail and continuity are necessary for 
reliable work, especially if the work is to be done by 
relatively inexperienced analysts. 

The determination of the metal content of lubri- 
cating oil is important for two reasons. First, the 
modern practice of subjecting lubricating oil to se- 
vere engine, bearing, and corrosion tests generally 
produces lubricating oil containing metallic ele- 
ments derived from the engine, bearings, or metals 
used in the test. A knowledge of the metals thus in- 
orporated into the oil is needed in order to evaluate 
the test, to indicate the extent of corrosion or wear 
and to indicate the further usefulness of the oil. 
Second, it is now common practice to improve the 
jualities of many lubricating oils by the addition 
fa variety of oil additives or “dopes.” These addi- 
tives are frequently metallic detergents and antioxi- 
dants containing one or more metallic elements such 
is zinc, tin, magnesium, barium, calcium, and alkali 
metals. When contaminated by metals from engine 
wear, contaminants from road dust and admixture 
ot several brands of oil, the resulting used oils may 
contain lead, copper, cadmium, barium, tin, silicon, 
unc, iron, aluminum, calcium, magnesium, sodium, 
and potassium. In addition, such new and used oils 
{ten contain appreciable quantities of sulfur, phos- 
phorus, and halides. 

It is to meet this situation that the two procedures 
lescribed herein were devised. The general pro- 
tedure was developed for use with badly contami- 
tated used oils or for those of unknown composition 
when it is desired to determine all the metallic ele- 
ments present (except lead). The simplified, direct 
method for lead, copper, and iron is intended for the 
average case where the interest is only in these ele- 
ments whether other elements are present or not. If 
desired, barium may be determined by a slight ex- 
tension of the direct procedure. Both procedures are 
designed for use with oils containing sulfur, phos- 
phorus, and halides. 

In the general procedure the sample is decom- 
posed by burning in air. The separations described 
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= procedures are given for the determination 
of lead, copper, cadmium, barium, tin, silica, zinc, iron, 
aluminum, calcium, magnesium and alkali metals in new 
or used lubricating oils without interference from other 
elements such as sulfur, phosphorus and chlorine, In the 
i general procedure for all elements except lead, the oil 
is ashed by ignition in air, the ash is treated with acid, 
and copper, cadmium, tin, silica and barium are obtained 
in the residue after adding hydrogen sulfide and sulfate 
ion. Iron, aluminum and zinc are separated from the 
remaining ions as hydroxyquinolates. For the principal 
metals, the general method is accurate to + 5 percent 
of the amount present. In the simplified, direct method, 
the oil is oxidized with nitric and sulfuric acids, and the 
lead is determined as lead sulfate after removing 
interfering elements; iron and copper are determined 
colorimetrically either on the ash or on the residue 
obtained after oxidation with nitric and sulfuric acids. 
The direct method is accurate to = 0.01 percent lead 
and + 0.001 percent iron and copper, regardless of 
the other elements present. Data are given on the ap- 
plication of the method to synthetic oil samples and 
inorganic solutions. 
This paper was presented in summary before the 
Petroleum Division of the American Chemical Society, 
New York, September 11-14, 1944. 





below are shown schematically in Figure 1. The ash 
is dissolved in hydrochloric acid and the solution 
diluted with water until 0.3 N with respect to the 
acid. Ammonium sulfate is added and the solution 
saturated with hydrogen sulfide. The barium, tin, 
cadmium, copper, silica, and lead are filtered off in 
the precipitate, leaving the zinc, iron, aluminum, 
calcium, magnesium, alkali metals and phosphate 
ions in solution. 

The zinc, iron, and aluminum are precipitated with 
8-hydroxyquinoline at a pH of 4 and the precipitate 
ashed and fused with potassium pyrosulfate. The 
iron and aluminum are separated from the zine by 
precipitation with ammonia. The precipitates are dis- 
solved and the iron separated from the aluminum by 
precipitation with sodium hydroxide. 

Organic matter and ammonium salts in the solu- 
tion of calcium, magnesium, alkali metals and phos- 
phate ions are destroyed by repeated evaporation 
with nitric acid. Calcium is precipitated as the oxa- 
late, and organic matter and ammonium salts are 
again removed by repeated evaporation with nitric 
acid. Magnesium and phosphate ions are precipitated 
with barium hydroxide followed by alcoholic carbo- 
nate. 

The precipitate containing the barium, tin, cad- 
mium, copper, silica, and lead is ignited at a high 
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temperature and digested with dilute nitric and sul- mined on the ash obtained by burning a larger 
furic acids. The copper, cadmium, and part of the sample. 2 
‘lead are dissolved and separated by filtration. The The lead, barium, and calcium sulfates are con: 
lead is removed as the sulfate from the copper and_ verted to the carbonates by digestion with sodium 
cadmium, The copper is precipitated from the cad- carbonate. The carbonates are disolved in acid and 0. 
mium with hydrogen sulfide by careful control of the lead precipitated with hydrogen sulfide and de- Wi 
the pH and temperature. termined as the sulfate. If suitable precautions are su 
The insoluble barium, tin, silica, and lead are di- taken, barium may be determined on the filtrate. 
gested in a sodium carbonate solution and filtered. © 
The residue is acidified and the insoluble tin oxide General Method ar 
and silica are filtered off, leaving the barium and Considerable saving of time and effort can be tai 
remaining lead in solution. The lead is precipitated achieved by knowing in advance which elements the 
from the barium with hydrogen sulfide. oil actually contains. For this reason it is desirable de 
. fill 
Ash: Ba, Sn, Si,Cu, Cd,Pb, Zn Fe, Al, Co, Mg,No, ond K ' 
‘ as oxides, chlorides, sulfates, and phosphates 
Dissolve in HCl; lad (NH4)eSQs, 
dilute to 0.3N te and add HeS. 
Nar ks br, Sag P 
Boil with H_Oe, odd 
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excess ommonum 
acetate. 
60S0,, Pbs Chou, PD 
ee S05 fos | SMGENG NMG, Kez 
Cl'SO%, PAY, and 
lartte at 600°C; digest Evaporate to 8-hydroxyquinoiine. 
es ; Add HNO ; evaporate 
Odd water, alcohol. Ash; fuse with K,S,07, to dryness; repeat 
dissolve in H,0, add until organic matter 
PRO. NH4Ci, slight excess removed; dissolve 
Discard NH,OH; digest. in HCI 
Soungecid Add (NH«)eCeQ,, NHeOH ——([Inaohle 
[Ptr Bd Cr pore ag — Residue 
I 
Moke just ocid ' 
. Cus Case S* $00 
os) Hes tances) Canotyaa Dissolve in HCI, He0; ioe 
reprec tate with 1 
1 ' BREA, Nsom ! 
F ee 
(Ciscord) (Analyze) 
, , Tams Add HNOs; evaporate 1 
Dissolve in HCI; eh (Anolyz to dryness; repeot $ 
odd HeO, and ee” until organic matter : 
‘ e . - da 
with NHGOH. (Anelyz@) EPS Suen 
ignite at 000°C; with HC! } a ~ 
» odd NHd : ode — [Fe(OH)s, Al(OH)s | Add Bo(OH),; evaporate Insoluble 
ot : to suis; ose alcoholic Residue 
add HINO, ; evaporate. $05 Dissolve in HCI; NHg2COs. 
a Discord) add H20, NaOH. _| 
Te alP g 
ety SOD | BENE CET] sun 
Fe(OH), AlO2 Dissolve in HCI. 
ignite at 1000; (Anglyze) (Analyze) Evaporate to dryness; 
weigh; add HF, H,SO,; ' Dissolve in HCI; ignite gently. 
@vopor ate: ignite. a add H,0, H2SO, 
- aiaae~:- % (Analyze) 
$ A, “ 8 POR, COs 
(oath (Weigh) - a (Discord) an S . 
FIGURE 1 
Analytical separation of metallic constituents of .lubricating oils—general procedure for all metals except lead. 
The tin oxide and silica are ignited in platinum to trace the history of the oil or whenever possible 
and weighed. The tin oxide is volatilized with am- to obtain a spectrographic analysis of the ash ob- ~ 
monium iodide and the loss in weight determined. tained from the oil. of 
The silica is volatilized with hydrofluoric acid and Sid sate 
the loss in weight again determined. A small residue pecial Reagents [liter 
of alumina may be present which became insoluble _ Alcoholic Ammonium Carbonate Reagent. Dissolve 100 g. ot § tion 
during the ashing procedure and was therefore not hnely ground ammonium carbonate in 150 ml. of water and 20 m 
F ud be the hydrochloric acid. If this amount is 200 ml. of 14 N ammonium hydroxide. Add 400 ml. of ethyl 
dissolved by the hydrochioric acid, | iS < it IS alcohol and shake well. The precipitated ammonium carbonate | Proc 
appreciable, it is added to the aluminum determined will redissolve as the solution returns to room temperature. L. Py 
later. _Hydroxyquinoline Reagent. Dissolve 25 g. of 8-hydroxyquino- (a) 
Lead, which is partly lost during the ashing pro- line in 58 ml. of acetic acid and dilute to 500 ml. with distilled + 
} ee A a I i ec te tn 2 I 
cedure, is determined on a separate sample by the ir a resulting solution contains 5 percent quinoline 1 hemo 
s .2 ~ pe i : . * . 4 ‘ «< os . ; ; ; S 1, 
on direct “se gt ape ne lgueeste and tah Sodium Diethyldithiocarbamate Reagent, 0.1 percent aqueous. ff homo 
€ separations 0 pe Irec acetate + sap es own Starch Indicator Solution. Prepare a paste of 5 g. of soluble the ce 
schematically in Figure 2. The sample is oxidized by starch with distilled water. Stir the paste into 1 liter of boiling J conte 
sulfuric and nitric acids. Water and alcohol are distilled water. Add 0.01 g. of mercuric iodide as a preservative. ; 4 
added and the lead, barium, and calcium sulfates are Cool to room temperature before using. ic 
separated by filtration. Iron and copper in the filtrate Thymol Blue Indicator Solution. Dissolve 0.1 g. of thy all ca 
are determined colorimetrically after separation of sulfonphthalein in 4.3 ml. of 0.05 N sodium hydroxide and a J ,i4., 
he 3 ak hints Wien biek aap oma i lute to 100 ml. with distilled water. ture t 
the iron as iron hydroxide. ren high accuracy anc o-Phenanthroline Solution. Dissolve 1.00 g. of o-phenanthro- h 
precision are desired, the iron and copper are deter- line monohydrate in 700 ml. of distilled water at 70 to 80°C, as , 
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cool and dilute to 1 liter. Prepare a fresh solution at least 
every three weeks. 

2.4-Dinitrophenol Indicator Solution, 0.1 percent aqueous. 

Sodium Diphenylamine Sulfonate Indicator Solution. Dissolve 
0.3 g. of barium diphenylamine sulfonate in 100 ml. of distilled 
water and add 2 ml. of 36 N sulfuric acid. Add 0.3 g. of sodium 
sulfate and warm gently. Filter through a retentive paper. 

Iron Solution, standard. Dissolve 0.2000 g. of pure iron wire 
(99.9 percent) in 20 ml. of 12 N hydrochloric acid and dilute 
to 1 liter with distilled water. Dilute a 100-ml. aliquot of this 
solution to 1 liter. Each milliliter of the resulting solution con- 
tains 20 micrograms of iron. 

Gum Arabic Solution, 5 percent aqueous. Dissolve 5 g. of pow- 
dered gum arabic in 100 ml. of water at room temperature and 
filter before use. Prepare a fresh solution each day. 

Ferric Solution, standard. Prepare as for Iron Solution but 











ium and Potassium. Treat the residue with 20 ml. of 6 N hydro- 
chloric acid and evaporate to moist dryness. Add 25, to 30 ml. of 
water to the residue, transfer quantitatively to a 400-ml. beaker, 
and dilute to 100 ml. with distilled water. Add 7 N ammonium 
hydroxide dropwise until the solution is just neutral to methyl 
red, then add 6 to 8 ml. of concentrated hydrochloric acid and 
1 g. of ammonium sulfate. Heat to boiling and pass in a vigor- 
ous stream of hydrogen sulfide gas until the solution has cooled 
to room temperature; add 200 ml. of distilled water, heat to 
boiling, and again saturate with hydrogen sulfide. Filter through 
a Whatman No. 42 paper into a 600-ml. beaker and wash with 
a 0.3 N hydrochloric acid solution that previously has been satur- 
ated with hydrogen sulfide. Treat the precipitate as described in 
Section 2 and the filtrate as described in Section 3. 

Note 1. While the major portion of the aluminum will now be in the 


filtrate, smaller amounts may appear in the precipitate owing to partial 
conversion to an acid-insoluble form of aluminum oxide. 
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FIGURE 2 


Analytical separation of metallic constituents of lubricating oil—direct procedure for lead, iron and copper. 


use 1.000 g. of iron wire and add slight excess of 0.1 N perman- 
ganate before dilution. 

Copper Solution, standard. Dissolve 0.2000 g. of pure copper 
netal (99.9 percent) in 20 ml. of 16 N nitric acid and dilute to 1 
liter with distilled water. Dilute a 100-ml. aliquot of this solu- 
tion to 1 liter. Each milliliter of the resulting solution contains 
2) micrograms of copper. 


Procedure 
l, Preliminary Separations 


(a) Removal of Organic Material. Heat the oil sample to 
60+ 10° C. and thoroughly mix or agitate until all sediment is 
homogeneously suspended in the oil. Into a clean 3-inch platinum 
dish, weigh (to the nearest 0.01 g.) approximately 10 g. of 
homogenized sample. Heat the dish with a bunsen burner until 
the contents ignite and burn readily. Move the dish and flaming 
contents to a hot plate and maintain them at such a temperature 
that only ash and carbon remain after burning ceases. If any 
liquid or tarry material remains, heat over a burner until smok- 
ing ceases. Ignite in a furnace at 500 to 550°C. until practically 
all carbon is removed and finally heat at 650 to 700°C. until the 
oxidation of carbon is complete. Do not allow ignition tempera- 
ture to exceed 700°C. 

(b) Separation of Barium, Lead, Copper, Cadmium, Silica, 
and Tin from Zinc, Iron, Aluminum, Calcium, Magnesium, Sod- 
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(c) Blank Determination for Silica, Alumina, Sodium, and 
Potassium. In order to compensate for the amount of these ma- 
terials picked up from reagents, vessels, etc., make a blank 
determination by carrying out the procedures pertaining to these 
elements but omitting the sample. Subtract the amounts of each 
found in the blank determination from that found in the sample. 


2. Determination of Barium, Copper, Cadmium, Silica, and 

Tin 

(a) Separation of Copper, Cadmium, and Lead from Barium, 
Tin, (Alumina), and Silica. Transfer the paper and precipitate 
to a platinum crucible, burn off the paper at 400 to 500°C. ; cool, 
add 1 to 2 drops of 18 N sulfuric acid, evaporate the acid, 
gradually raise the temperature to 850 to 900° C., and ignite for 
25 to 30 minutes. Brush the residue into a 100-ml. beaker and add 
25 to 30 ml. of 3 N nitric acid. Digest on a hot plate for 5 to 
10 minutes, then add 0.4 to 0.5 ml. of 18 N sulfuric acid. Cover 
the beaker and continue the digestion for 30 to 35 minutes at 
just below the boiling point. Cool to room temperature, filter 
through a small Whatman No. 42 filter paper into a 250-ml. 
beaker and wash thoroughly with cold water. Treat the residue 
as described in Paragraph (g). 

(b) Separation of Lead from Copper and Cadmium. Evapo- 
rate the filtrate to 10 to 15 ml., add 10 ml. of 18 N sulfuric acid, 
and evaporate to copious sulfuric acid: fumes. Cool to room 
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temperature, carefully add 75 to 100 ml. of water, and boil 
gently for 5 to 6 minutes. Cool, add 40 to 50 ml. of ethyl alcohol, 
and allow to stand for 2 to 3 hours. Filter through a small 
Whatman No. 42 filter paper into a 400-ml. beaker and wash 
well with a 1 N solution of sulfuric acid in 50 percent ethyl 
alcohol. Discard the lead sulfate precipitate. 


(c) Separation of Copper from Cadmium. Add 7 N ammon- 
ium hydroxide to the filtrate until neutral to methyl red and 
evaporate to 40 to 50 ml. Add 5 ml. of 18 N sulfuric acid, heat 
the solution to boiling, and pass in a stream of hydrogen sulfide 
for 20 minutes while maintaining the solution at the boiling 
temperature. Boil the solution gently for 30 minutes or until 
any yellow color of the precipitate has disappeared. Filter 
through a small Whatman No. 42 filter paper and wash thor- 
oughly with 2 N sulfuric acid. Analyze the precipitate for cop- 
per as described in Paragraph (d) or (e) and the filtrate for 
cadmium as described in Paragraph (f). 

(d) Determination of Copper—V olumetric Procedure. If more 
than 6 mg. of copper are present, transfer the paper and pre- 
cipitate (Paragraph (c)) to a porcelain crucible. Burn off the 
paper at 450 to 500°C. and ignite at this temperature for 5 to 10 
minutes, Allow the crucible to cool and transfer as much of 
the residue as possible into a 250-ml. beaker. Add a pinch of po- 
tassium chlorate and 3 to 5 ml. of 16 N nitric acid to the 
crucible and heat to dissolve any adhering material. Pour the 
acid from the crucible into the beaker and transfer the contents 
of the crucible quantitatively into the beaker. 


Add 0.2 to 0.3 g. of potassium chlorate and 10 ml. of 16 N 
nitric acid to the beaker and evaporate on a hot plate in a hood 
just to the point at which acid fumes are no longer given off. If 
the residue turns black, add 5 ml. of concentrated nitric acid 
and repeat the evaporation. Allow the beaker to cool, then add 
5 to 10 ml. of water, and warm until all the residue is in solution. 
Add 7N ammonium hydroxide dropwise until a slight precipi- 
tate of copper hydroxide is formed. Do not add enough am- 
monium hydroxide to convert an appreciable amount of the 
copper to the deep blue copper-ammonia complex. Add 2 to 3 
g. of ammonium bifluoride and swirl the solution until the pre- 
cipitate is completely dissolved. 


Cool to room temperature and add 20 to 25 ml. of 10 percent 
potassium iodide solution. Titrate immediately with standard 0.1 
N sodium thiosulfate solution until the dark brown color changes 
to light yellow. Add 5 ml. of starch indicator solution and con- 
tinue the titration until the blue color just disappears. Immedi- 
ately, add 10 to 15 ml. of 20 percent ammonium thiocyanate 
solution; if the blue color returns, continue the titration care- 
fully until the color just disappears. 

(e) Determination of Copper—Colorimetric Procedure. If less 
than 6 mg. of copper are present, transfer the paper and pre- 
cipitate (Paragraph (c) ) to a porcelain crucible. Burn off the 
paper at 450 to 500°C. and ignite at this temperature for 5 to 
10 minutes. Allow the crucible to cool and transfer as much of 
the residue as possible into a 250-ml. beaker. Add a pinch of po- 
tassium chlorate and 3 to 5 ml. of 16N nitric acid to the cruci- 
ble and heat to dissolve any adhering material. Pour the acid 
from the crucible into the beaker and transfer the contents 
of the crucible quantitatively into the beaker. 


Add 10 to 15 ml. of 16 N nitric acid to the precipitate in the 
beaker, warm until the precipitate is dissolved and evaporate to 
moist dryness. Add 50 ml. of water, warm to dissolve salts 
and dilute to a convenient known volume. 

Of this solution, pipet an aliquot containing less than 100 
micrograms of copper into a 125-ml. Erlenmeyer flask. Add 2 
ml. of concentrated hydrochloric acid and 3 ml. of 1 percent 
ferric chloride solution. Neutralize with concentrated ammonium 
hydroxide and add 1 to 2 ml. in excess. Concentrate or dilute 
the solution to make a total volume of 20 to 25 ml. Heat the 
solution to boiling and digest on a steam bath for 30 minutes 
or until coagulation and precipitation of iron hydroxide are 
complete. Filter while hot through a Whatman No. 41 filter 
paper into a 100 ml. volumetric flask and wash the precipitate 
several times with boiling water. 


Cool the filtrate to room temperature, dilute to approximately 
60 ml. and add, in the order given, 1 ml. of freshly prepared 
gum arabic solution, 10 ml. of 14 N ammonium hydroxide, and 
10 ml. of sodium diethyldithiocarbamate solution. Dilute to 
volume and mix thoroughly. Within one hour, obtain the colori- 
meter reading using a light source having maximum trans- 
mission at 420 mz. Make a blank determination on the reagents 
by repeating the entire procedure but omitting the sample. Deter- 
mine the copper content from a standard curve prepared as 
follows : 

Introduce 0, 1, 2, 3, 5, 7, and 9 ml. of the standard copper 
solution into separate 100-ml. volumetric flasks, dilute to ap- 
proximately 60 ml. and proceed as in the above analysis. 
Subtract the colorimeter reading obtained for the zero-milli- 
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liter standard from the readings obtained for the other 

standards and plot these corrected readings against the num- 

ber of micrograms of copper added to the corresponding 
standard. 

(f) Determination of Cadmium. Dilute the filtrate from 
Paragraph (c) to 100 ml. and reduce the acidity with 7 N 
ammonium hydroxide to pH 4 as shown by “Alkacid” or “Hy- 
drion” test paper. Heat the solution to boiling and pass in a 
stream of hydrogen sulfide gas until the solution has cooled 
to room temperature. Filter through a small Whatman No. 42 
filter paper and wash thoroughly with water which has been ad- 
justed to pH 4. Test the filtrate with “Alkacid” or “Hydrion” 
test paper. If the pH of the solution is less than 4, readjust 
to pH 4, heat to boiling, pass in hydrogen sulfide, etc., as be- 
fore. Filter the solution and add the precipitate to the previous 
one. Reject the filtrate. 

Place the filter paper and residue in a weighed, previously 
ignited porcelain crucible and burn off the paper at 450 to 
500°C. Cool the crucible, add 3 drops of 18 N sulfuric acid and 
evaporate to dryness on a hot plate. Ignite the residue at 450 
to 500° C. for 10 to 15 minutes. Cool the crucible, add 0.1 to 0.2 
g. of ammonium carbonate, evaporate to dryness on a hot plate 
and again ignite at 450 to 500°C. for 10 to 15 minutes. Cool and 
weigh the crucible and cadmium sulfate residue. 


(zg) Separation of Barium from Tin, (Alumina), and Silica. 
Transfer the filter paper and residue from Paragraph (a) to 
a platinum crucible, burn off the paper at 450 to 500°C. and 
burn off the carbon at 500 to 600°C. Cool, and brush the residue 
into a platinum dish. Add 25 to 30 ml. of 10 percent sodium 
carbonate solution, cover the dish, and digest just below the 
boiling point for 40 to 45 minutes. Filter through a small What- 
man No. 42 paper and wash thoroughly with water. Treat the 
filtrate as described in Paragraph (i) below. 

Transfer the paper and residue from the carbonate digestion 
to a 100-m!. beaker, add 25 ml. of 2 N hydrochloric acid, cover 
the beaker, and simmer for 20 to 25 minutes, adding water, 
when necessary, to maintain a volume of 25 to 30 ml. Filter 
through a small Whatman No. 42 filter paper into a 250-ml. 
beaker and wash thoroughly with water. Determine barium in 
the filtrate according to Paragraph (h). Combine the residue 
with any precipitate obtained in Paragraph (i) below. 

(h) Determination of Barium. To the filtrate from the acidi- 
fied carbonates (Paragraph (g) ), add 7 N ammonium hy- 
droxide until just basic to methyl red, then add 6 N hydrochloric 
acid until the solution is just acid to methyl red. Saturate the 
solution with hydrogen sulfide while maintaining the solution 
at the boiling temperature. Filter, wash with hydrogen sulfide 
water and discard any precipitate. Boil the filtrate for several 
minutes, and while boiling add 10 to 15 ml. of 4 N sulfuric 
acid. Digest near the boiling point for 1 to 2 hours. If the 
precipitate is very small or slow to form, allow the solution 
to stand overnight. Filter through a previously dried and 
weighed Gooch crucible, or a porcelain filter crucible. Wash the 
precipitate with hot water, dry, and ignite at 500 to 600°C. 
Cool in a desiccator and weigh the crucible and barium sulfate 
precipitate. 

(i) Determination of Tin and Silica. Acidify the filtrate from 
the carbonate digestion (Paragraph (g) ) with 6 N hydrochloric 
acid and evaporate to dryness. Heat gently for 20 minutes and 
cool. Add 25 ml. of water and simmer for 20 minutes. If a 
precipitate appears, filter through a Whatman No. 40 filter 
paper, wash thoroughly with 0.2 N hydrochloric acid, and add 
the paper and precipitate to the tin and silica residue obtained 
in Paragraph (g). 

Transfer the papers and residues to a weighed, previously 
ignited platinum crucible. Burn the paper at 450 to 500°C, 
allowing sufficient air to reach the sample so that the carbon 
is completely burned off at this temperature. Add 1 to 2 drops ol 
18 N sulfuric acid, evaporate the acid, ignite the residue at 
1000°C. for 30 to 40 minutes, cool to room temperature, and 
weigh the crucible and contents. To the residue, add approxt- 
mately 15 times -its weight of ammonium iodide, mix intimately 
with the aid of a small spatula, and ignite the charged crucible 
at 425 to 475°C. until fumes are no longer evolved. Cool the 
crucible, add 2 to 3 ml. of concentrated nitric acid, evaporate 
to dryness on a hot plate, and cautiously heat over a low 
flame to decompose residual nitrates. Ignite at 1000°C. for 30 
to 40 minutes, cool, and weigh the crucible and residue. Repeat 
the treatment with the ammonium iodide and nitric acid and 
again ignife at 1000°C. Cool and weigh the crucible and silica 
with any alumina which may have been made insoluble during 
the initial ashing of the sample. Consider the loss in weight 
as representing the stannic oxide present. 

Moisten the residue in the crucible, add 5 to 7 ml. of hydro- 
fluoric acid and 2 to 3 drops of 18 N sulfuric acid. Taking 
care to avoid spattering, evaporate to dryness and ignite the 
crucible for 1 to 2 minutes at 800 to 900°C. Cool to room 
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temperature and weigh the crucible and remaining alumina. 
Consider the loss in weight during the hydrofluoric acid ignition 
as being equivalent to the total silica content. Convert the weight 
of residual alumina to weight of aluminum metal and add to 
the weight of aluminum determined in Section 3 (h). 


Note 2. If the residue is more than 1 or 2 mg., repeat the volatilization 
of both the tin iodide and silicon tetrafluoride. If more than 1 to 2 mg. 
of residue still remains and if the residue is dark, examine it qualitatively 
for major constituents (spectrographic analysis) to determine the elements 
present from improper handling of the seperations prior to the re- 
moval of tin oxide and silica. Do not attempt to make corrections but 
use the information to correct the faulty separations in future ap- 
plications. 


3. Determination of Zinc, Iron, Aluminum, Calcium, Mag- 
nesium, and Alkali Metals 


(a) Separation of Zinc, Iron, and Aluminum from Calcium, 
Magnesium, Sodium, and Potassium. Boil the filtrate from the 
sulfide precipitation in Section 1 (b) for 4 to 5 minutes; add 
| to 2 ml. of 30 percent hydrogen peroxide and boil for an 
additional 4 to 5 minutes to remove excess peroxide. Cool the 
solution to 50 to 60°C. and add 20 ml. of hydroxyquinoline 
reagent. Add 2 N ammonium acetate solution with constant 
stirring until a precipitate which does not redissolve on further 
stirring is formed, then add an excess of 25 ml. of ammonium 
acetate solution. If no precipitate forms, add 2 N ammonium 
acetate until the pH of the solution is approximately 4 as 
measured by “Alkacid” or “Hydrion” test paper, and then add 
an excess of 25 ml. of ammonium acetate solution. Heat the 
solution at 60 to 80°C. until the precipitate coagulates, and 
allow to cool. Filter through a Whatman No. 40 paper into a 
600-ml. Pyrex beaker and wash well with water. Treat the 
filtrates as described in Paragraph (i) below. 

(b) Separation of Zinc from Iron and Aluminum. Transfer 
the hydroxyquinolate precipitate and paper to a platinum cruci- 
ble. Burn off the organic matter at 400 to 500°C., then ignite 
at 700°C. for 10 minutes or until all the carbon is oxidized. 
Add 5 to 7 grams of potassium pyrosulfate to the crucible and 
mix well with a platinum wire. Fuse the mixture at a relatively 
low heat until no solid material remains. Cool to room tempera- 
ture and dissolve the melt in 200 to 250 ml. of distilled water. 
Add 5 g. of ammonium chloride, then add 7 N ammonium 
hydroxide dropwise until the solution is faintly ammoniacal. 
Digest the solution for 10 to 15 minutes or until the iron and 
aluminum: hydroxide precipitate has coagulated. Filter through 
a Whatman No. 40 paper into a 600-ml. beaker, and wash the 
paper and precipitate with a 2 percent ammonium chloride 
solution. 

Transfer the paper and precipitate to the original precipitation 
beaker and add 20 ml. of water and 10 ml. of 6 N hydrochloric 
acid. Heat the mixture almost to boiling and macerate the paper 
with a stirring rod. Dilute to 200 to 250 ml. and again heat 
almost to boiling. Reprecipitate the iron and aluminum hydrox- 
ides by adding 5 g. of ammonium chloride, then adding 7 N 
ammonium hydroxide dropwise until the solution is faintly 
ammoniacal. Digest for 15 minutes or longer until the precipitate 
has coagulated. Filter through a Whatman No. 40 filter paper, 
combining the filtrate in the 600-ml. beaker with the filtrate 
from the first hydroxide precipitation. Wash the paper and 
precipitate with 2 percent ammonium chloride solution. Treat 
the precipitate as described in Paragraph (d) below. 


Vote 3. The second precipitation may be omitted if less than 5 mg. of 
iron and aluminum are present, 


(c) Determination of Zinc. Add 6 N hydrochloric acid to the 
combined filtrates from the ammonium hydroxide precipitations 
until just neutral to methyl orange. Evaporate the filtrate to 
approximately 100 ml. volume, add 25 ml. of 1 M citric acid 
solution, then add 7 N ammonium hydroxide until just neutral 
to methyl orange. Add 50 ml. more of 1 M citric acid solution, 
and 20 ml. of 20 percent ammonium sulfate solution. Heat nearly 
to boiling and pass in a rapid stream of hydrogen sulfide gas un- 
til the solution cools to room temperature. Filter through a What- 
man No. 42 filter paper and wash with cold 0:1 M citric acid so- 
lution saturated with hydrogen sulfide. Transfer the paper and 
precipitate to a previously ignited and weighed porcelain cruci- 
ble, burn off the paper at 450 to 500°C., then gradually raise the 
temperature to 1000 = 30° C. and ignite to a constant weight, 
using 15 to 20 minute ignition periods. Cool and weigh the 
crucible plus zinc oxide residue. 

(d) Separation of Iron from Aluminum. Transfer the paper 
and hydroxide precipitate from Paragraph (b) to the original 
Precipitation beaker, and add 20 ml. of water and 10 ml. of 6 

hydrochloric acid. Heat the mixture almost to boiling and 
macerate the paper with a stirring rod. Filter, wash with 100 
to 150 ml. water and neutralize filtrate to methyl red with 6 N 
sodium hydroxide. Add 6 ml. of sodium hydroxide in excess 
and digest until the precipitate coagulates. If a precipitate does 
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not form immediately, allow the solution to stand overnight. 
Filter through a Whatman No. 40 paper and wash with water. 
Analyze the precipitate for iron according to Paragraph (e), 
(f), or (g), and the filtrate for aluminum according to Para- 
graph (h). 

(e) Determination of Iron-V olumetric Procedure. If 5 mg. 
or more of iron are present, dissolve the hydroxide precipitate 
by pouring hot 1 N hydrochloric acid through the filter; wash 
the filter with hot 1 N hydrochloric acid. 


Adjust the volume of solution to 20 to 30 ml., and while boiling 
add 10 percent stannous chloride solution dropwise until the 
yellow ferric chloride solution has faded and the solution is 
colorless. Add an excess of not more than 1 or 2 drops of the 
stannous chloride solution. Dilute to 80 to 100 ml. with distilled 
water and cool to room temperature or below. Add 10 ml. of 
5 percent mercuric chloride solution in one motion, swirl the 
flask, and allow to stand for 4 to 6 minutes. Add 3 to 5 ml. 
of 85 percent phosphoric acid and five drops of sodium dipheny- 
lamine sulfonate indicator, and titrate with standard 0.1 N 
potassium dichromate solution, with constant swirling, until the 
addition of one drop produces a deep purplish color which does 
not fade within 5 seconds. If less than 10 ml. of titrant is 
—. subtract 0.03 ml. from the volume of dichromate solution 
used. 


Note 4. The formation of a gray or black precipitate after the addition 
of mercuric chloride indicates that too large an excess of stannous 
chloride has been added in which case the test should be repeated, 


(f) Determination of Iron—Visual Colorimetric Procedure. 
If less than 5 mg. of iron are present, dissolve the precipitate 
and wash the filter with hot 1 N hydrochloric acid as above. 
Dilute the solution to an appropriate known Volume and take 
an appropriate aliquot of the iron solution containing from 
0.005 to 0.2 mg. iron. Neutralize to “Alkacid” or “Hydrion” 
with 7 N ammonium hydroxide, then add 6 ml. of 6 N hydro- 
chloric acid. 

Prepare a blank solution containing the same acid and the 
same salts in approximately the same ‘concentrations as in the 
sample solution. 

By evaporation or dilution, adjust the volumes of blank and 
sample solutions to 35 to 40 ml. Transfer quantitatively to 
separate 50-ml. color comparison tubes, add 3 to 5 drops of 0.1 
N potassium permanganate solution and mix well. Add 5 ml. of 
20 percent potassium thiocyanate solution, dilute to the 50-ml. 
mark with distilled water, and again mix. 

Proceeding as rapidly as possible, add standard ferric solution 
to the blank until the color of the blank matches that of the 
sample. Add the iron solution in small increments from a 10-ml. 
buret, mixing the contents of the color comparison tube after 
each addition. 

(g) Determination of Iron—Photoelectric Colorimetric Pro- 
cedure. If less than 5 mg. of iron are present, dissolve the 
precipitate and wash the filter with hot 1 N hydrochloric acid 
as above, and dilute to an appropriate known volume. Pipet an 
appropriate aliquot of the iron solution, containing 0.050 to 0.150 
mg. of iron, into a 50-ml. volumetric flask. Add 1 ml. of 
hydroxylamine hydrochloride solution and 0.5 ml. of 2, 4-dini- 
trophenol solution; add ammonium hydroxide dropwise, with 
swirling, until the solution assumes a yellow color. Wash down 
the neck of the flask with a small amount of water and add 6 
N hydrochloric acid dropwise until the color of the solution is 
just discharged. Add 5 ml. of o-phenanthroline solution, dilute to 
volume, mix thoroughly, and allow to stand for 15 minutes. 
Place a portion of the sample in the clean dry photoelectric 
colorimeter cell and obtain the colorimeter reading using a light 
source having maximum transmission at 500 mz. Make a blank 
determination by repeating the entire procedure but omitting the 
sample. 

Determine the iron content from a standard curve prepared 
as follows: Introduce 0, 1, 2, 3, 5, 7, and 9 ml. of the standard 
iron solution into separate 50-ml. volumetric flasks. Dilute each 
to a volume of 20 to 25 ml. and proceed as in the above 
analysis. Subtract the colorimeter reading obtained for the 
zero-milliliter standard from the readings obtained for the 
other standards and plot these corrected readings against 
the number of micrograms of iron added to the corresponding 
standard. 

(h) Determination of Aluminum. Adjust the volume of the 
filtrate from the sodium hydroxide precipitation (paragraph 
(d) ) to a volume of 200 to 250 ml. and add 6 N hydrochloric 
acid until the solution is just neutral to methyl red, then add 10 
to 12 ml. in excess. Warm until any precipitate has dissolved. 
Add 1 ml. of hydroxyquinoline reagent for every 3 mg. of 
aluminum present, then add 3 ml. in excess. (If the quantity of 
aluminum is not known, add 5 ml. of hydroxyquinoline reagent. ) 
Warm the solution to 70 to 80°C. and add ammonium hydroxide 
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slowly and with constant stirring to a pH of 7 to 8 as indicated . 


by “Alkacid” or “Hydrion” test paper. Allow the precipitate to 
digest at 70 to 80°C. for 1 hour or until the supernatant liquid 
is clear. (The digestion may require as long as 5 to 6 hours if 
the aluminum content is low.) 

If the supernatant liquid is colorless or only very faintly 
yellow after coagulation of the precipitate, add 12 N hydro- 
chloric acid, slowly and with stirring, until the precipitate just 
dissolves. Add an additional 5 ml. of hydroxyquinoline reagent 
and neutralize with ammonium hydroxide as before. If the 
supernatant liquid still does not show an excess of hydroxy- 
—. repeat the dissolving of the precipitate, addition of 
5 ml. of reagent and neutralization as described above until a 
yellow supernatant liquid is obtained. 


Note 5. The appearance of long needle-like crystals indicates too large 
an excess of hydroxyquinoline reagent and leads to high results. 


Decant the supernatant liquid through a Gooch crucible, then 
wash the precipitate into the crucible. Wash the beaker, crucible, 
and precipitate three times with cold water. Transfer the 
asbestos filter pad and as much of the adhering precipitate as 
possible back into the original beaker used for the precipitation. 
Measure out 25 ml. of 12 N hydrochloric acid and, holding 
the crucible over the beaker, pour just enough of the acid down 
the walls of the crucible to moisten the entire inner surface. 
Wash the crucible thoroughly with water. Repeat the alternate 
washings with acid and water until all adhering precipitate has 
been removed from the crucible. Pour the remainder of the acid 
into the beaker, allowing it to wet the walls in order to dissolve 
any adhering precipitate, then wash down the walls of the 
beaker with water. Allow the beaker to stand, with occasional 
stirring, until all the precipitate has been dissolved. 


Note 6. A porcelain filter crucible may be used in place of the Gooch 
crucible if desired. If such a crucible is used, dissole out all visible 
precipitate with hydrochloric acid as directed, then place the crucible in 
the beaker and allow it to remain there during the titration described 
below. 


Dilute the solution. to 250 ml. with water and add 8 to 10 
drops of methyl red indicator. With constant stirring, add 
standard 0.2 N bromide-bromate solution from a buret at a 
rate of 2 to 5 drops per second. Continue the addition of 
bromide-bromate solution until freshly added 8 to 10 drops of 
indicator is decolorized within two seconds, then add 0.5 to 1.0 
ml. of bromide-bromate solution in excess. Immediately add 20 
ml. of potassium iodide solution and titrate the liberated iodine 
to the starch end point with standard 0.1 N sodium thiosulfate 
solution, 

(i) Separation of Calcium from Magnesium, Sodium, and 
Potassium. Evaporate the filtrate from the hydroxyquinoline 
precipitation (Paragraph (a) ) until salts begin to settle out, 
add 15 to 20 ml. of 16 N nitric acid to aid in the elimination of 
ammonium salts, and evaporate to dryness. Add 0.5 ml. of 16 
N nitric acid and evaporate to complete dryness. Repeat this 
procedure until all ammonium salts have been removed, all 
organic matter has been oxidized, and the remaining salts are 
white in color. Cool the beaker, moisten the residue with water, 
and add 10 ml. of 6 N hydrochloric acid. Warm until the 
residue has dissolved (see Note 7) and dilute to 200 to 225 ml. 
Add 2 g. of ammonium chloride and 2 g. of ammonium oxalate, 
heat the solution almost to boiling, add 14 N ammonium hy- 
droxide until the solution is just basic to methyl red, and add 
2 ml. in excess. Digest without boiling for 1 hour or until the 
precipitate has settled out. If the precipitate is small and slow 
to form, allow the solution to stand overnight. Filter by de- 
cantation through a Whatman No. 42 filter paper into an 
800-ml. beaker and wash several times with hot water, trans- 
ferring the precipitate to the filter during the washing. Place 
the original precipitation beaker under the funnel and dissolve 
the precipitate on the paper with hot 6 N hydrochloric acid. 
Wash the paper thoroughly with hot water, dilute the solution 
to 200 to 225 ml., add 2 g. of ammonium chloride and 2 g. 
of ammonium oxalate. Heat the solution to almost boiling and 
Stir until the salts are completely dissolved. Add 14 N ammonium 
hydroxide until the solution is just basic to methyl red, then 
add 2 ml. in excess. Digest without boiling for 1 hour or until 
the precipitate has settled out. If the precipitate is small and 
slow to form, allow to stand overnight. Filter through a What- 
man No. 42 filter paper combining the filtrate with the filtrate 
from the first oxalate precipitation; wash well with hot water. 
Treat the precipitate as described in Paragraph (j). Treat the 
combined filtrates as described in Paragraph (k). 

Note 7. The insoluble residue that sometimes remains after removal of 
all organic matter and ammonium salts may contain magnesium. In such 
cases, filter the solution through a Whatman No. 42 filter paper and wash 
well with water. Ignite the paper and residue in a platinum crucible at 


500° C. until all the paper has been removed and fuse the ash with 5 to 
10 times its weight of anhydrous sodium carbonate. Cool, leach the melt 
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with water, acidify with 6 N hydrochloric acid, and combine the clear 
solution with the barium-free filtrate obtained in the first paragraph of 
Section 3 (1). 


Note 8. If less than 10 mg. of calcium are present, omit the second 
precipitation described above. 


(j) Determination of Calcium—V olumetric Procedure. Heat 
150 ml. of water and 15 ml. of 18 N sulfuric acid to 80 to 90°C. 
in a 250-ml. beaker. Transfer the filter paper containing the 
calcium oxalate precipitate (Paragraph (i) ) to the hot sulfuric 
acid solution with the aid of a stirring rod. Wash the funnel 
with a portion of the sulfuric acid solution. Allow the acid to 
react with the precipitate, then partially remove the paper and 
allow it to rest on the side of the beaker. Immediately titrate 
the solution with standard 0.1 N potassium permanganate solv- 
tion until the end point is nearly reached. (Do not mistake the 
initial slow disappearance of the permanganate color for the 
end point.) Place the paper in the solution and continue the 
titration until a pink color, permanent for at least 15 seconds, 
is obtained. Titrate a blank containing approximately the same 
volume of hot acid solution as the sample. 


(k) Separation of Magnesium from Sodium and Potassium, 
Combine the filtrates from Paragraph (i), add 6 N hydrochloric 
acid until just acid to methyl red, and evaporate the solution 
to low volume. Transfer the solution to a 400-ml. beaker. 
Evaporate the solution until salts begin to precipitate out, add 
15 to 20 ml. of 16 N nitric acid to aid in the elimination of 
ammonium salts, and evaporate to dryness. Fume off the re- 
maining ammonium salts by heating over a bunsen burner. Cool 
the beaker, add 2 to 3 drops of 6 N hydrochloric acid and 10 
to 15 ml. of water, warm for 2 to 3 minutes, and add 3 drops 
of phenolphthalein indicator. (If an insoluble residue remains, 
filter, wash with water and treat the residue as described in 
Note 7.) Add barium hydroxide crystals until the phenolphtha- 
lein turns red, and evaporate the solution to moist crystals. Add 
25 ml. of alcoholic ammonium carbonate reagent, cover the 
beaker and allow to stand 30 to 60 minutes. Filter the solution 
through a small Whatman No. 42 filter paper and wash the 
paper and precipitate with 50 ml. of the ammonium carbonate 
reagent, using a number of small portions. Analyze the filtrate 
for sodium and potassium according to Paragraph (m). 

(1) Determination of Magnesium. Transfer the major por- 
tion of the precipitate into a 250-ml. beaker by means of a 
stream of water from a wash bottle. Dissolve the remainder 
from the paper with 2 N hydrochloric acid and wash the 
paper thoroughly with 2 N hydrochloric acid. Dilute the solu- 
tion to a volume of 150 to 175 ml., heat to boiling, and slowly 
add hot 4 N sulfuric acid until no more precipitate is formed. 
Digest at 60 to 80°C. for 60 to 90 minutes. Filter through a 
Whatman No. 42 filter paper, and wash thoroughly with water. 
Discard the precipitate. 

Add 7 N ammonium hydroxide to the filtrate until just neutral 
to methyl red, then add 5 ml. of 12 N hydrochloric acid and 
dilute to a total volume of 125 to 150 ml. Cool in ice. Add 10 
ml. of freshly prepared 25 percent diammonium phosphate solu- 
tion and then add 14 N ammonium hydroxide slowly and with 
stirring until the methyl red turns yellow. Avoid scratching the 
sides of the beaker with the stirring rod. Continue to stir for a 
few minutes, adding ammonium hydroxide dropwise to keep the 
solution yellow, then add 15 ml. of 14 N ammonium hydroxide 
in excess, stir vigorously again for a minute or two and set 
the solution aside to stand for 6 hours or more. Filter through 
a Whatman No. 40 filter paper, and wash the precipitate 
moderately with cold 0.7 N ammonium hydroxide. Discard the 
filtrate. 

Dissolve the precipitate in the smallest amount of warm 6 N 
hydrochloric acid and wash the paper well with hot 1 N hydro- 
chloric acid. Dilute the solution to 125 to 150 ml., add 0.4 to 
0.6 ml. of 25 percent ammonium phosphate solution, and cool 
in ice. Add 14 N ammonium hydroxide slowly with stirring 
until the methyl red turns yellow. Continue stirring for a few 
minutes, add 5 ml. excess of 14 N ammonium hydroxide and 
stir vigorously for 1 to 2 minutes. Allow the solution to stand 
for at least 4 hours, Filter through a weighed, previously ig- 
nited, porcelain filter crucible, or a Gooch crucible, and wash 
the precipitate 6 to 8 times with cold 0.7 N ammonium hydroxide. 
Dry the crucible in an oven, then heat gradually to 1000 to 
1100°C. in a muffle furnace. Ignite for 30 to 40 minutes, cool 
and weigh the crucible plus magnesium pyrophosphate. Repeat 
the ignition until constant weight is obtained. 

(m) Determination of Alkali Metals. Evaporate the filtrate 
from the ammonium carbonate precipitation (Paragraph (k) ) 
to 10 to 20 ml. Transfer to a small beaker and evaporate to 
near dryness. Acidify with 6 N hydrochloric acid and evaporate 
to dryness. Fume off the ammonium salts by heating the beaker 
gently over a burner. Continue heating for 3 to 5 minutes, cool, 
and dissolve the alkali salts in the smallest possible volume ot 
water. Filter through a small Whatman No. 40 filter paper into 
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a previously dried and weighed 100-ml. beaker. Evaporate the 
solution on the steam bath to dryness. Heat the beaker gently 
with a burner to complete dryness, cool and weigh the beaker 
pl:. alkali chlorides. 


Direct Method for Lead, Iron, and Copper 
Special Reagents 

24-Dinitrophenol Indicator Solution; 

Iron Solution, standard ; 

o-Phenanthroline Solution; 

Copper Solution, standard; 

Sodium Diethyldithiocarbamate Solution ; 

Gum Arabic Solution; 
as for general method. 

Acid-Alcohol Wash Solution. Mix equal volumes of denatured 
alcohol and water and add 2 percent, by volume, of 36 N 
sulfuric acid. 

Procedure 


1, Preliminary Separations 


(a) Wet Ash Method. Heat the oil sample to 60 + 10°C. 
and thoroughly mix or agitate until all sediment is homogene- 
ously suspended in the oil. Weigh 2 grams of the homogenized 
sample into a 250-ml. beaker; add 10 ml. of sulfuric acid and 
] to 2 ml. of nitric acid. Cover the beaker with a ribbed watch 
glass and heat until sulfur trioxide fumes are evolved. Cool, 
add 1 to 2 ml. more of nitric acid and reheat to sulfur trioxide 
fumes. Repeat until a light-colored solution is obtained. 


The use of semi-micro apparatus is strongly recommended as 
suh equipment permits the analysis of smaller samples, thus greatly 
speeding up the time of analysis. If this technique is employed, weigh 
0.5 g. of homogenized sample into a 100-ml, beaker, add 5 ml. of sulfuric 
acid and 1 ml. of nitric acid, and continue as above. 


Vote 1 


Add 1 to 2 ml. of 30 percent hydrogen peroxide solution drop- 
wise while swirling the contents of the beaker. Repeat, if neces- 
sary, to remove the last traces of organic material. Heat and 
evaporate sulfuric acid until the residue is white in color and 
the volume of sulfuric acid is 3 to 5 ml. Cool the mixture and 
add 10 ml. of distilled water and again heat to sulfur trioxide 
fumes. Allow the solution to cool, add 50 ml. of distilled water 
and boil for 2 to 3 minutes with stirring. Cool the mixture to 
room temperature, add 50 ml. of alcohol, and allow to stand 
at least two hours or overnight if the lead content is small. 

Decant the supernatant liquid through a Whatman No. 42 
filter paper and wash the precipitate twice by decantation with 
acid-alcohol wash solution. Transfer the precipitate to the filter 
paper and wash with 2 or 3 small portions of the wash solution. 
Evaporate the filtrate to a volume of 1 to 2 ml., cool and 
transfer quantitatively to a 50-ml. volumetric flask, filtering if 
necessary. Dilute to volume with water and mix well. Analyze 
the filtrate for iron and copper according to Sections 3 and 4, 
respectively (below). Analyze the precipitate for lead (and 
barium, if desired) according to Section 2 (below). 

(b) Alternative Dry Ash Method. If only iron and copper 
are to be determined, weigh to the nearest 0.01 g. into a clean 
3inch porcelain dish, approximately 10 g. of homogenized 
sample. Heat the dish with a bunsen burner until the contents 
ignite and burn readily. Move the dish and flaming contents 
to a hot plate and maintain them at such a temperature that 
only ash and carbon remain after burning ceases. If any liquid 
or tarry material remains, carefully heat over a burner until 
smoking ceases. Ignite over a burner until the oxidation of 
carbon is complete, taking care to heat slowly. Do not heat to a 
temperature greater than 850°C. 

Add 5 ml. of concentrated hydrochloric acid, cover with a 
watch glass, and digest at low temperature on a hot plate until 
the soluble portion of the ash is completely dissolved. Discard 
any white or colorless insoluble material. If a dark insoluble 
residue is obtained, fiter the solution through a 1-inch filter, 
dry the residue, ignite in the same porcelain dish and digest the 
ash with 5 ml. of concentrated hydrochloric acid. Discard any 
remaining insoluble residue regardless of color. Combine the 
two acid solutions, transfer quantitatively to a 50-ml. volumetric 
flask, mix well, and analyze for iron and copper according to 
Sections 3 and 4, respectively. . 


2. Determination of Lead (and Barium) 

_ (a) Separation of Lead (and Barium) from Other Interfer- 
mg Metals. Unfold the wet filter paper (Section 1 (a) ) and 
wash the precipitate into a 100-ml. beaker by means of a stream 
of water from a wash bottle. Evaporate the solution to 3 to 5 
ml., add 2 to 3 drops of methyl red and add 25 ml. of 10 
Percent sodium carbonate solution in excess of that required 
to neutralize the solution. Cover the beaker and digest just 
below the boiling point for 40 to 45 minutes. Cool to room 
temperature, filter through a small Whatman No. 42 paper 
and wash thoroughly with cold water. 
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Saturate the filtrate with hydrogen sulfide and allow the 
precipitate to settle; filter through a Whatman No. 42 paper 
and wash with water saturated with hydrogen sulfide. Retain 
the precipitate and paper, and combine with those obtained 
in Paragraph (c). Discard the filtrate. 

(b) Transfer the paper and residue from the carbonate 
digestion to a 100-ml. beaker, add 25 ml. of 2 N hydrochloric 
acid, cover the beaker, and simmer for 20 to 25 minutes. Filter 
through a small Whatman No. 42 filter paper into a 250-ml. 
beaker and wash thoroughly with water. Discard the residue, 
unless barium is to be determined (see Note 2). 


Note 2. The residue sometimes contains some barium sulfate admixed 
with silica, stannic oxide, etc. Therefore, when barium is to be deter- 
mined, ash the paper containing the residue, fuse the ignited residue (if 
appreciable) with sodium carbonate in a platinum crucible, leach the 
fused mass with water, filter, dissolve the barium carbonate in dilute 
acid, combine the acid solution with that obtained from Paragraph (c). 
Continue as in Paragraph (e). 


(c) Dilute the filtrate to 175 to 200 ml,, heat to boiling, and 
pass in a vigorous stream of hydrogen sulfide until the solution 
has cooled to room temperature. Filter through a Whatman 
No. 42 paper into a 600-ml. beaker and wash with 0.3 N 
hydrochloric acid that has previously been saturated with hydro- 
gen sulfide. If barium is to be determined, treat the filtrate as 
described in Paragraph (e). 

(d) Determination of Lead. Transfer the sulfide precipitates 
and filter paper (Paragraphs (a) and (¢) ) into a 250-ml. 
beaker and add 10 ml. of sulfuric acid and 1 to 2 ml, of nitric 
acid. Cover the beaker with a ribbed watch glass and heat 
until sulfur trioxide fumes are evolved. Cool, add 1 to 2 ml. 
of nitric acid and heat to fumes of sulfur trioxide. Repeat this 
treatment until a light-colored solution is obtained. Add 1 to 2 
ml. of 30 percent hydrogen peroxide solution dropwise while 
swirling the contents of the beaker, and heat to fumes. Repeat, 
if necessary, until the last traces of organic material are re- 
moved and the residue is white in color. Evaporate until the 
volume of sulfuric acid is 3 to 5 ml. Cool the mixture, add 
10 ml. of distilled water and again heat to sulfur trioxide fumes. 
Allow the solution to cool, add 50 ml. of distilled water and 
boil for 2 to 3 minutes with stirring. Cool the mixture to room 
temperature, add 50 ml.- of alcohol, and allow to stand at least 
2 hours or overnight if the lead content is small. 

Decant the supernatant liquid from the beaker through a 
weighed, previously ignited porcelain filter crucible or a Gooch 
crucible, and wash the precipitate twice by decantation with 
acid-alcchol wash solution. Transfer the precipitate to the filter 
crucible and wash with 2 or 3 small portions of water. Discard 
the filtrate. Dry the crucible and ignite at 450 to 500°C. in the 
muffle furnace for 20 to 30 minutes. Cool in a desiccator and 
weigh the crucible and lead sulfate. 

(e) Determination of Barium (Optional). Boil the filtrate 
from the sulfide precipitation (Paragraph (c) ), add 7 N am- 
monium hydroxide until just basic to methyl red, then add 6 N 
hydrochloric acid until the solution is just acid to methyl red. 
Adjust the volume to 250 to 300 ml., heat to boiling and add 
10 to 15 ml. of 4 N sulfuric acid. Digest near the boiling point 
for 1 to 2 hours. If the precipitate is very small or slow to 
form, allow the solution to stand overnight. Filter through a 
previously weighed, ignited porcelain filter crucible or Gooch 
crucible. Wash the precipitate with hot water, dry, and ignite 
at 450 to 500°C. in the muffle furnace. Cool in a desiccator and 
weigh the crucible and barium sulfate. 


3. Determination of Iron 


(a) .Pipet an aliquot of the filtrate from Section 1 (a) or 
1 (b), containing 100 to 150 micrograms of iron, into a 50-ml. 
beaker. Add concentrated ammonium hydroxide slowly, with 
stirring, until the solution is ammoniacal, then add 1 ml. in 
excess. Cover the beaker with a watch glass and heat just 
below the boiling point for one hour on a hot plate. Do not 
permit the solution to boil; maintain an excess of ammonium 
hydroxide by occasional addition o{- small amounts of this 
reagent if necessary. 

Filter the contents of the beaker through a Whatman No. 41 
filter paper in a l-inch funnel. Wash the beaker and paper 
with three small portions of water. 

Discard the filtrate and dissolve the ferric hydroxide by rins- 
ing the beaker and the filter with two 1-ml. portions of 6 N 
hydrochloric acid, collecting the rinsings in a 50-ml. volumetric 
flask. Wash the filter with an additional 1-ml. portion of 6 N 
acid and allow the filter to stand about 30 seconds. Thoroughly 
wash the beaker and the filter with several small portions of 
water, keeping the total volume of solution less than 25 ml. 

(b) Add 1 ml. of 10 percent hydroxylamine hydrochloride 
solution and 0.5 ml. of 2, 4-dinitrophenol solution; add concen- 
trated ammonium hydroxide dropwise, with swirling, until the 
solution assumes a yellow color. Wash down the neck of the 
flask with a small amount of water and add 6 N. hydrochloric 
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acid, dropwise, until the color of the solution is just discharged. 
Add 5 ml. of o-phenanthroline solution, dilute to 50 ml. and 
mix thoroughly. 

Allow to stand 15 minutes, then obtain the colorimeter reading 
using a light source having maximum transmission at 500 mg. 
Make a blank determination on the reagents by repeating the 
entire procedure but ommitting the sample. Determine the iron 
content from a standard curve prepared as follows: 

Introduce 0, 1, 2, 3, 5, 7, and 9 ml. of the standard iron 
solution into separate 50-ml. volumetric flasks. Dilute each to 
a volume of 20 to 25 ml. and proceed as in the above analysis. 
Subtract the colorimeter reading obtained for the zero-milli- 
liter standard from the readings obtained for the other 
standards and plot these corrected readings against the num- 
ber of micrograms of iron added to the corresponding 
standard. 

4. Determination of Copper 

(a) Pipet an aliquot of the filtrate from Section 1 (a) or 
1 (b), containing less than 100 micrograms of copper (see 
Note 3) into a 125-ml. Erlenmeyer flask. Add 2 ml. of con- 
centrated hydrochloric acid and 3 ml. of ferric chloride solu- 
tion. Neutralize with concentrated ammonium hydroxide and 
add 1 to 2 ml. excess, and concentrate or dilute the solution to 
make a total volume of 20 to 25 ml. Heat the solution to 
boiling and place on a steam bath until coagulation and precipi- 
tation of iron hydroxide are complete; approximately 30 min- 
utes are required for this digestion. Filter while hot through 
Whatman No. 41 filter paper into a 100-ml. volumetric flask 
and wash the precipitate several times with boiling water. 


Note 3. If the dry ash procedure is used for removal of organic matter 
the aliquot used for copper determination must not contain more than 200 
micrograms of lead. 


(b) ‘Cool the filtrate to room temperature, dilute to approxi- 
mately 60 ml. and add, in the order given, 1 ml. of freshly 
prepared gum arabic solution, 10 ml. of concentrated ammonium 
hydroxide, and 10 ml. of sodium diethyldithiocarbamate solution. 
Dilute to volume and mix thoroughly. Within one hour, obtain 
the colorimeter reading using a light source having maximum 
transmission at 420 ma. Make a blank determination on the 
reagents by repeating the entire procedure but omitting the 
sample, Determine the copper content from a standard curve 
prepared as follows: 

Introduce 0, 1, 2, 3, 5, 7, and 9 ml. of the standard copper 
solution into separate 100-ml. volumetric flasks, dilute to ap- 
proximately 60 ml. and proceed as in the above analysis. 
Subtract the colorimeter reading obtained for the zero milliliter 
standard from the readings obtained for the other standards 
and plot these corrected readings against the number of micro- 
grams of copper added to the corresponding standard. 


Experimental Development 

The scheme of analysis was developed using inor- 
ganic solutions of known metal content and checking 
the effectiveness of desired separations by means of 
spectrographic analysis. After establishing the valid- 
ity of the procedure, it was further checked by 
analysis of oils made with carefully analyzed addi- 
tives. 

Destruction of Organic Matter 


Burning the oil in air is the quickest and most 
simple method of removing the organic matter but 
there is danger that lead, when present, will be par- 
tially lost while removing the last traces of carbon 
by ignition. Oxidation with nitric and sulfuric acids, 
while applicable to gill the metals without loss, is 
generaly limited to a sample size of two grams. 
Many metals are present in very small quantities 
and it is desirable to use a larger sample, preferably 
ten to twenty grams. 

Rittershausen and DeGray* suggest the extraction 
of the metals with a boiling hydrochloric acid solu- 
tion to remove all the metals from the oil and at the 
same time allow a large sample to be used. This 
scheme, modified to include a mixture of hydro- 
chloric acid and nitric acid, was tried using the hot 
extraction appartus specified in ASTM D526-42. The 
procedure was as follows: 

Weigh 15 to 20 g. of sample in a beaker, dilute the sample 
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with 2 to 3ml. of chloroform and transfer to the extraction 
apparatus by washing the beaker with benzene. Add sufficient 
benzene to make a total volume of 100 to 125 ml. of solvent and 
oil. Add 50 ml. of nitric acid-hydrochloric acid mixture (40% 
12 N HCI, 20% 16 N HNOs, and 40% water) and reflux for 
30 minutes. Add 5 ml. of n-butyl alcohol as an emulsion breaker 
and mix by refluxing for an additional minute. Allow the oil 
and acid to separate and drain the acid into a 400-ml. beaker, 
Repeat the extraction a second and third time using 50 ml. of 
water and refluxing for five minutes. Combine the acid and 
water extracts. 

Three of the compounded oil samples were ex- 
tracted by the above procedure. The extracted oils 
were then ashed and the ash analyzed spectrographi- 
cally. Significant amounts of calcium, silicon, and 
barium were found to remain in the oils after ex- 
traction. Also, an insoluble residue was left adhering 
to the inside of the extractor which could not easily 
be removed. 

Decomposition of the oil by burning in air was 
felt to be the most satisfactory method. Since lead 
is partially lost by this procedure, it was decided 
to determine lead on a separate sample after com- 
plete oxidation with sulfuric and nitric acids. 

Used oils containing many metals sometimes gave 
ashes which were difficult to remove or dissolve 
from the porcelain dish used in the ignition. Plati- 
num was used successfully for a number oi 
samples, but it was feared that a sample high in lead 
or iron might harm the dish. To determine the effect 
of ignition temperature on the ash obtained in a 
porcelain dish, a representative used oil was se- 
lected which was known to contain iron, copper, 
lead, barium, aluminum, calcium, sulfur, chlorine, 
and phosphorus in amounts commonly found in 
used lubricants. Three 10-gram portions were ignited 
in porcelain dishes and burned to a char. The dish 
and char were placed in a muffle at 300°C. and the 
temperature gradually raised. One residue was ig- 
nited at 650°C., the second at 850°C., and the third 
at 950°C. In each case the ash was completely re- 
moved by digestion with 6 N_ hydrocnloric acid. 
However, similar tests made on an oil high in lead 
and another oil containing tin produced ashes that 
were very difficult to remove when ignited at tem- 
peratures higher than 700°C., especially when care 
was not taken to complete the oxidation of the 
carbon at 500 to 550°C. 

The possible detrimental effect of igniting oil rest- 
dues in platinum was tested by burning 30 samples 
of used engine oils in platinum dishes. These oils 
were selected to contain a variety of elements, in- 
cluding some containing several percent of lead. The 
oils were allowed to burn on a hot plate, all but 
traces of the carbon was removed by ignition at 500 
to 550°C., and the residues were ignited at 650 to 
700°C. until completely free of carbon. There was 
no visible attack on the platinum or change in 
weight of dish in excess of 0.2 mg., except in one 
case where 1 mg. loss occurred; this particular 
sample contained approximately 0.15 percent iron 
and 2 percent lead (presumably as lead bromide). In 
“ach case the residue was easily removed from the 
dish by treatment with dilute hydrochloric acid so- 
lution; a superficial black coating was sometimes 
produced on the dish, but it was easily removed by 
the usual cleaning methods. 

On the basis of the above tests, it was decided to 
use platinum dishes instead of porcelain dishes for 
ashing oils. This was motivated by two reasons: 
first, the ignited residues are more easily removed 
from platinum dishes than from porcelain; second, 
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the use of platinum minimizes the high silica, sod- 
ium, and aluminum blanks which are sometimes ob- 
tained from porcelain dishes, especially when the 
sample has a high content of phosphorus. In the 
year elapsed since the adoption of platinum for this 
purpose, approximately 100 used-oil samples have 
been ashed in platinum dishes without damage to 
the dishes. 


Separation of Metal Elements 


When oils containing metals are ignited in air, the 
ash may consist of metalic oxides, sulfates, phos- 
phates, or halides, depending on the composition of 
the oil. These inorganic compounds have varying 
degrees of solubility in acid, depending in part upon 
the temperature at which the ash is finally ignited. 
At temperatures above 800°C. iron and aluminum 
oxides become appreciably insoluble in hydrochloric 
acid; therefore, it is desirable to stay below this 
temperature. If the temperature remains below 
700°C. (which is sufficient to burn off all the car- 
bon), all the ash is generally soluble in hydrochloric 
acid except for the silica, part of the barium which 
may be present as barium sulfate, and any tin which 
is present as stannic oxide. Advantage is taken of 
these insolubilities by making them the basis of the 
preliminary separation. The ash is taken up with hot 
6 N hydrochloric acid and the mixture diluted with 
water until 0.3 N to hydrochloric acid. Sulfate is 
added to insure the complete precipitation of barium. 
The solution is then treated with hydrogen sulfide to 
precipitate any tin remaining in solution and all of 
the cadmium, copper, and lead. Hydrochloric acid 
is used in place of sulfuric acid because of its-.greater 
disolving action and because it is more easily re- 
moved later in the procedure. 


The sulfides and oxides (and barium sulfate) ob- 
tained are ignited at a high temperature to insure 
complete conversion of the tin to stannic oxide; it 
was found that stannic oxide remains insoluble in 
the subsequent digestion with dilute nitric and sul- 
furic acids and is unaffected by the sodium carbo- 
nate digestion. 

After complete removal of tin oxide and silica by 
ignition with ammonium hydroxide and hydrofluoric 
acid, respectively, it was found that 1 to 2 mg. of a 
white residue sometimes remained in the platinum 
dish. Spectrographic analysis of a number of these 
residues showed that aluminum was the only major 
constituent. Small amounts of other elements were 
also detected but not in sufficient quantity to cause 
significant error in considering the residue to be 
alumina. Infrequently a larger white residue was 
tound but only when the final ignition temperature 
ot the oil residue exceeded 700°C. Sometimes inex- 
perienced analysts have obtained residues that con- 


TABLE 1 


Analysis of Inorganic Solutions by General Procedure for 
Determination of Metals in Lubricating Oils 











= ‘ Milligrams Milligrams 
CONSTITUENT Present Found 
Te 39 37, 38, 38 
copper | 8.9 | 8.6, 8.6, 8.6 
aim 38 38, 38, 39 
rium 90 83, 84, 85 
Calcium 91 91, 91, 91 
Magnesium | 90 | 92, 92, 87 
inc 89.5 89, 89, 90 
_ we 8 8.3, 8.5, 8.4 
Aluminum... . 9.3 9.3, 9.1, 9.2 
Alkali Metals 79.5 77, 78 


= 
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TABLE 2 


Analysis of Compounded Oil Samples by General Procedure for 
Determination of Metals in Lubricating Oils 




















| SAMPLE S-9 SAMPLE S-23 

| Present, Found, Present, Found. 
CONSTITUENT | Percent Percent Percent Percent 

| } 

Tin. . | 0.247 | 0.232, 0.216 0.145 0.10, 0.11 
*Silicon... | 0.030 0.019, 0.028 0.019 0.000, 0.003 
Barium. . | 0.297 0. 288, 0.285 0.483 0.45, 0.48 
Copper 0.011 | 0.008, 0.008 0.005 0.004, 0.004 
Cadmium 0.0 | nil 0.045 0.034, 0.032 
Iron | 0.088 0.086, 0.085 0.045 0.042, 0.041 
Aluminum 0.075 | 0.073, 0.073 0.096 0.096, 0.095 
Zine 0.497 | 0.475, 0.478 0.104 0.095, 0.099 
Calcium 0.198 0.195,0.197 | 0.097 0.095, 0.096 
Magnesium |} 0.197 0.204,0.201 | 0.289 0.28, 0.30 
Alkali Metals as Sodium gg. 466 | 0.405, 0 416 | 0.388 0.27, 0.31 


| 
| } 








* Present as ethy! silicate 


tained significant quantities of elements other than 
aluminum; however, in each case the unusual resi- 
due was traced to improper technique, such as in- 
complete washing or incomplete digestion. 
Precipitation of the zinc, iron, and aluminum with 
8-hydroxyquinoline from a solution buffered with 


‘ammonium acetate appeared to be a promising 


means of separating these metals from phosphate, 
calcium, magnesium, and alkali metal ions. This 
separation was tried using a known solution of inor- 
ganic salts. Spectrographic examination of the pre- 
cipitate and of the salts remaining in the filtrate 
showed the separation to be complete. 

An insoluble residue is sometimes formed during 
the removal of organic matter and ammonium salts 
from the filtrate from the 8-hydroxyquinoline pre- 
cipitation. A similar residue is sometimes obtained 
while removing organic matter from the calcium 
oxalate filtrate. Spectrographic analysis showed this 
residue to consist mainly of magnesium and phos- 
phorus. All attempts to prevent its formation were 
unsuccessful. Therefore, it was decided to decom- 
pose the residue by fusion and to add the resulting 
solution to the main magnesium solution. 

A few experiments were made to determine if 
magnesium could be separated from calcium and the 
alkali metals by precipitation with 8-hydroxyquino- 
line in ammoniacal solution containing ammonium 
acetate. This would avoid the necessity of removing 
organic matter and ammonium salts after the pre- 
cipitation of zinc, iron, and aluminum. However, cal- 
cium was found to accompany the magnesium in 
every case, even after repeated reprecipitation. 

Some difficulty was encountered in determining 
zinc. The high results obtained were found to be due 
to insufficient ignition so that some zinc sulfate re- 
mained and was weighed with the oxide. Good re-° 
sults were obtained when care was taken to ignite 
the residue to constant weight. 

Results obtained by the general procedure on in- 
organic solutions and oils of known metal content 
are shown in Tables 1 and 2. 

In the direct method, the addition of ethanol to 
promote complete precipitation of the lead sulfate 
also precipitates calcium sulfate when this element 
is present in appreciable quantity. Where the lead- 
to-barium ratio was approximately 10 to 1 or more, 
lead and barium sulfate have been separated satis- 
factorily by weighing the combined sulfates, treating 
them with hot 50 percent ammonium acetate to dis- 
solve the lead sulfate and reweighing the insoluble 
barium sulfate. However, it was found that when the 
ratio of lead to barium was approximately 1 to 1, 
difficulty was encountered in separation, possibly 
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TABLE 3 


Analysis of a Oil Samples by Direct Procedure 
for Lead, r OR end per 








SAMPLE S-7 SAMPLE S-8 SAMPLE 8-9 
Decomposition Dusvsnt Found, Present, Found,” Present, Found. 
Constituent Procedure | Percent | Percent | Percent | Percent Percent Percent 
| 0.50 ‘oo | rr 0.51 
Lead Wet Ash | 0.542 | 0.53 1.001 | 0.92 | 0.502 | 0.50 
| 0.55 | 0.96 
10.56 | 
0.006 0.094 | | 0.080 
Wet Ash 0.010 | 0.007 | 0.100 | 0.094 | 0.088 0.084 
0.007 | 
Tron . | —| —| — 
0.0092 | 0.097 | | 0.078 
Dry Ash 0.010 | 0.0099 | 0.100 | 0.098 | 0.088 | 0.078 
| 0.0097 | 0.082 
0.002 | 0.010 0.010 
Wet Ash 0.0011 | 0.002 | 0.011 | 0.011 | 0.011 | 0.012 
| 0.002 
Copper - 
| | 0.0011 | 0.0091 
| Dry Ash 0.0011 | 0.0010 | 0.011 | 0.0087 | 0.011 | 0.009 


| 


Note:—Other important elements present in s mmghen 
S-7—Ba, 5, Cl, and P 
§$-8—Ba, Ca, Al, 8, Cl, and P 
§$-9—Sn, Si, Ba, Al, Zn, Ca, Mg, Na, K, S, Cl, and P 





due to formation of double salts. Furthermore it was 
found that not more than 1 mg. of calcium could be 
tolerated in a 50-percent-ethanol solution because 
larger amounts partially precipitated as calcium sul- 
fate which dissolves in ammonium acetate solution, 
thus vitiating the lead results. 

In developing the general method for metal analy- 
sis, lead was successfully separated from barium by 
boiling the mixed sulfates with sodium carbonate 
solution, filtering off the lead and barium carbonates, 
dissolving the carbonates in acid and precipitating 
lead as the sulfide. It seemed logical that this prin- 
ciple should also be useful in separating lead from 
calcium and barium in the direct procedure. To check 
this assumption, several samples were prepared by 
mixing known solutions of lead, barium, and calcium 
as above. Ethanol was added to the solution, and the 
mixture allowed to stand overnight. The solutions 
were filtered and the precipitate quantitatively trans- 
ferred back into the beakers by washing the filter 
papers with a fine stream of water. One set of pre- 
cipitates was kept near the boiling point for 45 min- 
utes in a 10 percent sodium carbonate solution, 
cooled to room temperature and filtered. Lead was 
found in the filtrate when tested with hydrogen sul- 
fide. Apparently some soluble plumbate ion was 
formed along with the lead carbonate. Similar ex- 
periments were made using a 5 percent sodium car- 
bonate solution and a mixture containing 10 percent 
sodium carbonate plus 5 percent sodium bicarbonate. 
Lead was found in the filtrates in both cases. How- 
ever, in a few other trials, no lead was found in the 
filtrate from the carbonate treatment. On the basis 
of these tests it was decided to use a 10 percent so- 
lution of sodium carbonate and recover the lead in 
the alkaline filtrate by precipitation with hydrogen 
sulfide. The carbonates are dissolved in hydrochloric 
acid and the lead precipitated with hydrogen sulfide. 
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The sulfide precipitates are combined and the lead 
determined gravimetrically as the sulfate. A known 
mixture of approximately equal quantities (20 mg.) 
of lead, calcium, and barium was analyzed by the 
above procedure; 19.1 mg. of lead was recovered 
from a total of 19.5 mg. present. 

The iron and copper remaining in the filtrate from 
the original sulfate precipitation are readily deter- 
mined colorimetrically. The usual content of iron 
and copper in used motor oils is so low that for 
high accuracy and precision as much as 10 grams of 
oil must be decomposed. When high accuracy and 
precision are desired or especially when iron and 
copper are the only elements to be determined, it is 
much more rapid and convenient to decompose a 10- 
gram sample by burning in air. Such a procedure has 
been used on several thousand new and used oil 
samples with satisfactory results, regardless of other 
elements present in the samples. 

A number of oil samples of known metal content 
were analyzed by the direct procedure. The results 
are shown in Table 3. 


Comments 


In the development and application of the general 
procedure, it became apparent that while experi- 
enced, trained chemists are able to apply the method 
successfuly, relatively untrained analysts often en- 
counter difficulties with certain separations. There- 
fore, it is recommended that the analyst familiarize 
himself with the method prior to analysis of un- 
known samples, by working with inorganic samples, 
or oil samples, of known metal contents. It is possi- 
ble that a number of pitfalls may be avoided if con- 
sideration is given to the above mentioned obstacles 
encountered in the development of the method. Also, 
it is to be pointed out that most commercial samples 
do not contain all the elements and therefore the 
analysis is usually considerably less difficult than 
that in those cases where all elements are present. 
Fortunately, the elements most likely to give trouble 
generally are those least often encountered. 

Several points for future improvements suggest 
themselves. Thus it is desirable from an analytical 
viewpoint to be able to isolate all of the aluminum 
in one step without chance of losing some elsewhere. 
The same holds for silica and lead. Also, the method 
would be simplified if the magnesium and_phos- 
phorus were removed before determining the cal- 
cium and alkali metals. Alternatively, it would be de- 
sirable to have a direct method for the determination 
of the alkali metals. 
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Sight Reading of Orifice Meter Charts 


HARRY A. FAULL, Southern Counties Gas Company 


Doniriins left the orifice meter equation in the form 
Q = C’VhP;, 


Where © = Rate of flow, standard cubic feet/hour 
C = Corrected natural gas hourly coefficient 
h = Pressure loss, inches of water 
P; = Absolute downstream pressure, psi. 


It will be noted that Q is a rate and not an integrated 
quantity. That is, an instantaneous set of values meas- 
ured by an orifice meter tells one no more than does 
the speed indicator on an automobile speedometer. To 
measure gas volume as such, with an orifice meter, time 
must be taken in as a factor. The unit of time is usually 
the hour: C’ is an hourly coefficient, and the radical ex- 
pression VhP,, commonly called the “extension,” is for 
average hourly values of h and P,. So, to compute the 
volume represented by an orifice meter chart record of 
24 hours rotation, the equation 

Va = C’VhP.@ + C’VhPi@ °° 
is used. This may be written 

Va = C’XKZ"*VhP:; 

where, Va Volume for a 24-hour period, cubic feet 

C’= as before 
=“*VhP:= The sum of the 24 hourly extensions. 


M Chart 


C’ has been evaluated, the differential gauge has 
measured and recorded h and P (Gauge Pressure) ; 
so we may proceed now with the computation of the 
volume. The first case considered will be the M 
chart. The most common procedure is to determine 
average hourly values of h and P (which may be 
written on the chart, or on a form provided for the 
purpose) and, by reference to a book of Pressure 
Extensions, find the extension corresponding to these 
values of h and P. This Pressure Extension book is 
simply a tabulation of extension values (VWhP,) for 
a wide range of h and P values. These hourly ex- 
tensions are then summarized and multiplied by the 
corrected hourly coefficient and the result is the 
quantity passed by the meter in the time interval 
represented by the chart. The extension may be 
determined by adding the value of atmospheric pres- 
sure at the meter site to the recorded pressure, P, 
multiplying the sum by h, and taking the square-root 
of the product. When using a Pressure Extension 
book; it should be kept in mind that some average 
atmospheric pressure was used in its compilation, 
and that at lower values of P,, appreciable error will 
be incurred if the atmospheric pressure at the meter 
site is much different from that on which the Pres- 
Sure Extension book is based. 

An important point to keep in mind when figuring 
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charts, is that the quantity flowing varies as the square- 
root of h and as the square-root of P,, and that the 
square-root of the average value of h (or P,) is not 
equal to the average of instantaneous square-roots of h 
(or P,). Failure to take cognizance of this fact will 
result in a serious error if h or P, vary widely. The fol- 
lowing example, possibly somewhat exaggerated, will 
illustrate. The differential record for a certain hour, is 
49 inches for the first 15-minute period, 36 inches for 
the second 15-minute period, 16 inches for the third 
15-minute period, and 4 inches for the fourth 15-min- 
ute period (assume the pressure remains constant). The 
average of all these h values is 
49+ 364+16+4 + 9656 
4 
and V26.25= 5.12 
The average of the values of 
Vh is Jtotate 
and the percentage error caused by taking the square- 
root of the average h instead of taking the average of 
the square-roots of h is 
5124.75 < 100= 7.8 percent 
4.75 

If the differential varies widely in an hour, the 
usual procedure is to determine extensions for 15- 
minute intervals, then average the extensions and 
add the average hourly extension into the total ex- 
tension. The same applies to a wide variation in 
pressure, but wide variations in differential are much 
more common. 


= 4.75 


Square-Root, or L-10, Chart 


The use of square-root, or L-10, charts removes 
the temptation of the chart clerk to use average 
hourly values of h, when h varies widely, by making 
hourly averages difficult to determine by observation. 
On an ordinary, or M chart, since the graduations 
are equal increments from zero to maximum, it is 
quite easy, when the differential describes a nearly 
straight line, ascending or descending, to strike the 
middle of the line and cali that the average differen- 
tial for the hour. But on an L-10 chart, since the 
graduations are not equal from zero to maximum, 
the middle of the ascending or descending line is 
obviously not the average reading for the hour, and 
the operator is required to observe more closely or 
do some averaging of shorter time intervals, and the 
result is greater accuracy. 

A differential reading on an L-10 chart represents, 
not the value of h, but the value of Wh, when the 
chart is on a 100-inch gauge, and, on any other 
range gauge,:the differential record is the square- 
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root of some constant fraction, or multiple of h. 
When L-10 charts are used, the pressure pen arm is 
set up to indicate atmospheric pressure at the meter 
site, when the gauge pressure is zero, and then all 
pressure readings on an L-10 chart on a 0 to 100 
pounds gauge are \/P, instead of the first power 
of the gauge pressure recorded on M charts. For any 
other range spring, the pressure readings are the 
square-root of some constant fraction, or multiple, 
ot P,. The fractions, or multiples, referred to above 
are equal to 100 divided by the. maximum range of 
the gauge. For instance, an M chart reading of 32 
inches on a 0-50 inches differential gauge would cor- 
respond to a reading on an L-10 chart of 


V 32 a 


And an M chart reading of 146 psi gauge (assuming 
atmospheric pressure = 14 psi, then 146 psi gauge = 
160 psi absolute) on a 0-250 psi pressure gauge would 
correspond to a reading on an L-10 chart of 


; ; 
Vy 160 x a —80 


Expressing the value of Wh and the value of \/P, in 
terms of an L-10 chart reading, we can write, 


=8.0 


_ . 7 
Vh =h, V¥—, and 
100 
7 Re 
VP = P, P_. where 
‘ * Vi00 
h, =L-10 differential reading 
Ry,» Maximum differential range of the gauge 
Py. ==L-10 pressure reading 
R, =Maximum pressure range of the gauge 


Substituting these values for Vhand VPinQ= 
C’VhP, we have 
Rn p_4/R 


=C"h, 
Q * Vioo Pa VRe 


For a given meter R, and R, will be constant, 

therefore the expressions 
Re 

100 100 
are multiplied together, and their product is called 
the M factor, and we can write Q=—=C’Mh, P,,. 

Suppose we are measuring with a 50 inch differen- 
tial gauge fitted with a 100 psi spring, and using an 





and VR 


L-10 chart. Then 
sii of OP alte. 
a. = - ——— == .J071 
100 V 100 V 100 x 100, 
and the quantity flowing per hour is Q=C’X .7071 


hs Ps, 
The value of the M factor for any 
gauge is usually written, 

M= .01XVRz R,, 
where Rn= Maximum differential range of the gauge 
and R,= Maximum pressure of the gauge 
We see that by the use of an L-10 chart we have 

changed the equation 

Q=C’VhP; 

to an equation where all the factors are to the first 
power, and to that extent, we have simplified the 
calculation of the volume flowing per hour. The M 
factor is multiplied into the corrected coefficient and 
the calculation of quantity flowing per hour simply 
involves multiplying together three factors (C’,x<hs 
<Ps,, where C’,==C’XM). To compute the quantity 
passed in 24 hours, the average hourly values of h, and 
P,, are determined; by reference to tables or by 
computation the hourly extensions are evaluated, 
summarized, and their sum multiplied by the coef- 
ficient C’,. The extension in the case of the square- 


orifice meter 
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root chart is simply the product of h, and Ps,. The 
advantages of the L-10 chart are, 

(1) The average hourly value of hs is an average of Vh; 
whereas, on the M chart, if we use an average hourly 
value of h to determine the value of the extension, we 
are using the square-root of the average h, and, as 
pointed out previously, serious error may result. 

(2) It is not necessary to stock more than one style of 
chart; L-10 charts are all the same and can be used 
on a meter having any range of differential and pres- 
sure. 

(3) It is a relatively simple matter for one inexperienced 
or unfamiliar with orifice flow to compute the flow 
for any hour or compute the rate of flow for any 
instant by multiplying three factors together. 

Against these advantages, there is the disadvan- 
tage that L-10 readings have no significance to one 
not familiar with them. Nor do they have any sig- 
nificance to anyone who does not know the range 
of the instrument. Anyone can look at an M chart 
and tell immediately what gauge pressure and dif- 
ferential exists at the meter, but an L-10 chart in- 
volves some calculation or reference to tables. It 
should be borne in mind that advantage (1) above is 
nulified if the pressure or differential do not vary 
widely in one hour. Decision as to which type chart 
to use should be made after consideration of the ad- 
vantages and disadvantages listed above. 

An economy in chart figuring time can be realized 
with the L-10 chart that should be taken advantage 
of whenever possible. However, it requires that the 
pressure be maintained as a constant value. Consider- 
ing our flow equation for L-10 charts OC’, h, Ps,, 
if P,, is constant it can be multiplied into C’, and, 
if we call the product of C’, and P,, “C’sp”, our 
equation is further simplified to Q=—=C’;, hs. Thus, for 
any hour, the quantity delivered is equal to the co- 
efficient (C’,,) multiplied by the differential record 
(h,), and for 24 hours the quantity delivered is equal 
to the coefficient (C’,,) multiplied by the sum of the 
hourly value of hs. 


Interpreting Chart Records 

Orifice meter charts should be examined care- 
fully, by one competent to interpret the record, for 
evidences of faulty conditions in the field. This is an 
important function, and intelligent chart scrutiny by 
one with some field experience will serve to keep the 
office well appraised of field conditions. 

Incorrect plate size is a condition’ very recogniz- 
able from the chart record; a too large plate results 
in a low differential record, and a too small plate will 
cause the differential to be “off the chart,” i.e., the 
differential will describe a straight line at or near 
the upper limit of the chart. 

If the differential is off the chart any part of the 
time, it should be ascertained, if possible, if any 
mercury was lost. Particular operating conditions 
may make the loss of mercury fairly obvious. For 
instance, if a meter that normally operates at some 
particular point in the differential range goes off the 
chart for a period, then returns to measure the nor- 

mal rate but describes a line somewhat lower than it 
did before going off the chart, it may be suspected that 
some mercury was lost. This case of course refers 
to a gauge that has its float in the downstream cham- 
ber; if the float is in the upstream chamber, loss of 
mercury is manifest by an increased differential rec- 
ord, The situation in which lost mercury is most ob- 
vious is where a condition of no flow is known to 
obtain for a part of the chart period; the record 
will then be above or below zero, depending on the 
type of gauge. 

A stopped clock will abruptly end the continuous 
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record, and at the stopping point there will be a 
record up and down the scale parallel and static with 
respect to a time arc. 

A chart hub screw not tightened at the time the 
chart was changed will give a chart record like that 
described above at the point where the clock 
stopped. 

If the pens are so close together that they do not 





pass each other freely, there will be evidence of the 
struggle in the form of blue and red ink splotches 
at the convergence of the two lines. 


A leaking regulator valve at the meter inlet will 
cause the pressure record to climb at low rates of 
flow. 

If the pen arm is of incorrect length, the record 
will not follow a time arc on the chart. This condition 
is most obvious when time is lost as the pen moves 
up or down the chart. 


If the clock is out of adjustment, the record will 
show a gap or overlap at chart changing time. 

Reversing the cause-effect order for the moment, 
there is one differential pattern that may be the re- 
sult of one or more of several causes; that is, what is 
known as a “pulsating” or “surging” record; the dif- 
‘erence between them generally considered a matter 
of frequency. The more rapid movement from maxi- 
mum to minimum may be classed a pulsation and is 
Probably most often caused by reciprocating com- 
Pressors. However, condensates in the gauge lines, 
or main line will also cause a pulsating record. Usual- 
ly, a pulsating record the result of compressor re- 
‘iprocations is a situation of long standing and there 
Snot much a chart clerk can do about it. But in the 
case of liquid in the system, the situation usually 
moves between quiescence and agitation, and when- 
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9AM. 





ever the evidence of pulsation becomes apparent at 
a location where it is not the usual pattern, it should 
be called to the attention of supervisors. 

The low frequency pulsation, or surge, is, for the 
producer, usually associated with a heading well; 
for the operators farther removed from production, 
it is usually a pressure or flow control problem ; and 
for the marketer, it is quite often the action of 
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hypersensitive control devices in the processes of 
his customers. 


Since any one, or any combination, of these causes 
has the same effect, such evidence of pulsation must 
be analyzed in its own particular setting by one 
familiar with the scheme. The only point to be made 
here is that the chart clerk or someone in the meas- 
urement department, should be ever on the alert for 
the signs. 

Table 1 lists the values of h, and Ps,, as read from 
the square-root chart attached, the extension values, 
and their sum. 






































TABLE 1 
Exten- 

A.M H,2 P.2 sion P.M h, P,2 Extension 
12- 1 5.54 6.94 38,45 12-1 5.65 6.76 38.19 
1- 2 5.75 6.99 40.19 1- 2 5.58 6.71 37.44 
2- 3 5.42 7.02 38.05 2-3 5.60 6.68 37.41 
3- 4 5.18 6.98 36.16 3- 4 5.33 6.71 35.76 
4-5 5.50 6.79 37.34 4-5 5.57 6.68 37.21 
5- 6 5.53 6.88 38.05 5- 6 5.64 6.55 36.94 
6-7 5.44 7.02 38.19 6-7 5.65 6.34 35.82 
7-8 5.42 6.86 37.18 7-8 5.59 6.34 35.44 
8- 9 5.38 6.52 35.08 8- 9 5.68 6.51 36.98 
9-10 5.40 6.62 35.75 9-10 §.55 6.57 36.46 
10-11 5.50 6.69 36.80 10-11 5.35 6.63 35.47 
11-12 5.60 6.69 37.46 11-12 5.34 6.79 36.26 
448.7 439.4 
448.7 
Total Extension 888.1 
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Calculations of Orifice Meter Charts 
By the 


Square-Root Planimeter Method 


J. T. CORTELYOU, Southern California Gas Company 


‘Tae preceding paper has outlined the fundamental 
methods of reading charts. This paper is intended to 
present a mechanical device that will shorten and 
simplify the process of reading square-root charts. It 
could be applied to direct reading (M) charts if the 
pressure pen were set to record absolute pressure, 
but is commonly used to read square-root charts 
only. This device is known as the square-root plani- 
meter. 

The principle on which the square-root planimeter 
operates is based on the assumption that the average 
value of the square-root of the differential, h, for a 
24-hour period times the average value of the square- 
root of the absolute pressure, P,, for a 24-hour period 
is equal to the average value of the instantaneous 


7 


PERCENT ERROR IN CHART 


is 
PERCENT VARIATION OF SQUARE ROOT OF PRESSURE (Ps2) 


square-root of the products of the differential times 
the absolute pressure during the 24 hours; or, in the 
case of the square-root chart, where we are always 
dealing with the square-roots of values, the average 
differential reading from the chart times the average 
pressure reading from the chart equals the average 
of the instantaneous products of the differential 
reading times the pressure reading. 

If this assumption were correct, any device that 
could quickly and easily give the average value of 
the recorded records on the chart would greatly 
speed up chart reading. This assumption is true with- 
in limitations, as will be discussed later. 

The square-root planimeter is a device whereby 
the chart is put over a movable hub which is held 







FIGURE 1 
Possible error in reading charts with a square-root planimeter as a function of pressure variation. 
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loosely in a curved slot on a base plate. A pointer is 
set on a given point on the record to be read and the 
counter is set to zero. The chart is turned through 
360° of revolution keeping the record to be read un- 
der the pointer at all times. This is accomplished by 
moving the hub in the slot in the base plate as re- 
quired while rotating the chart. When 360° of revolu- 
tion have been made, the counter will read the aver- 
age value of the record traced. The instrument is so 
constructed that the average will be the numerical 
average of chart values (hs or P,,) rather than an 
average of the differential or the absolute pressure 
(h or P,). 

To illustrate the operation we may read the same 
chart that was read by the sight method in the pre- 
ceding paper. Tracing the differential record we get 
a reading of 5.50. Tracing the pressure record we get 
a reading of 6.72. This gives a product of 36.96. Now 
this product is assumed to be equal to the average 
value of the product hs and P,, for each hour. Inas- 
much as there are 24 hours represented on the chart 
and our coefficient is calculated to give the flow for 
each hour, we must multiply the product we deter- 
ined, 36.96 by 24 to get the extension for the chart. 
This gives us an extension equal to 36.96 24==887.0, 
which is nearly equal to the extension determined in 
the preceding paper, 

Inclusion’ of the factor of 24 in determining daily 
volumes when using a planifneter is very important. 
Whenever a planimeter is used, the chart reader 
must check with his office to determine whether the 
coefficient supplied to him includes the factor of 24 
or not. Sometimes the factor of 24 is included, in 
which case the coefficient is known as a 24-hour co- 
efficient rather than an hourly coefficient. Of course, 
in the case of 48-hour charts the planimeter readings 
must be multiplied by 48 instead of 24. A coefficient 
for use in this case would be the basic coefficient, C’, 
as determined from CNGA tables TS 353 or 402 
multiplied by 48, for a 48-hour coefficient. 


The proper use of a planimeter has been shown 
and the amount of labor that this instrument can 
save may be seen. However, there are definite 
limitations on its use which must not be overlooked. 


We said that the principle of the planimeter was 
based on the assumption that the product of the 
average differential reading times the average pres- 
sure reading equalled the average of the products of 
the instantaneous readings. And we said that within 
limitations this was true. 

The limitation is this: the above assumption is 
strictly true only when one of the records is abso- 
lutely constant. It is practically true if one of the 
records is nearly constant. It has been determined 
that for many orifice meter charts, the pressure rec- 
ord is sufficiently constant to make the assumption 
true within the limit of error of normal chart reading. 


However, a great many charts have a pressure record . 


CASE 1 
Pressures Varies Greatly 

















— hs ps2 hs x ps2 
s 6 48 
9 4 36 
5 5 25 
3 7 21 
6 8 48 
31 +5 = 6.2 30 +5 = 6.0 178 +5 = 35.6 
37.2—35.6 
Error i 44% 
35.6 
=—_——, 



































hs ps2 hs x ps2 

é ~ar Hl i é 36 

; rye Le a7 : bo 

7 an a* 7 49 

30 +5 = 6.08% 33 +5 = 6.6 200 + 5 = 40.0 
40.0—39.0§ #4" AT 

Error = = 1% 
40.0 
CASE 3 
Pressure Does Not Vary 
hs ps2 hs x ps2 

7 7 49 

8 7 56 

5 7 35 

4 7 28 

6 7 42 

30 +5 = 6.0 35 +5 =7.0 210 + 5 = 42.0 
42.0—42.0 

Error = = 0% 
42.0 











which varies greatly, and these charts should not be 
read on a square-root planimeter. 

This fact can be demonstrated by, three numerical 
examples which follow: 

From \advanced mathematics and the study of 
many more such examples, it can be shown that the 
error as shown is not only a function of the varia- 
tion in pressure, but is a function of the manner in 
which the differential varies while the pressure is 
varying. However, because this effect is so complex 
and because the differential on most charts varies in 
much the same way, the error of reading by plani- 
meter will be considered a function of pressure varia- 
tion only. 

In an effort to determine just what the limit of 
pressure variation is for accurate chart reading, the 
writer had 135 actual orifice meter charts read both 
by the planimeter and by an integrator. An inte- 
grator is a machine for reading charts that gives 
equally accurate readings no matter how any of the 
records vary and will be described in a later paper. 

For the purpose of this study the difference in ex- 
tensions computed by the two methods was assumed 
to be entirely the result of variable pressure record 
affecting the accuracy of the planimeter. This assum- 
tion is not, of course, true in all cases, nor: entirely 
true in any case, but is probably generally true. The 
percent variation of the pressure record of each chart 
read was then obtained. The percent differences of 
reading, or error, was then plotted as a function of 
pressure variation as shown in Figure 1. 

From Figure 1 it can be seen that to insure avoid- 
ing errors in chart reading of 1 percent or more, a 
planimeter should not be used for charts where the 
pressure varies more than 1 percent. Pressure varia- 
tion in this case is defined as the maximum pressure 
reading (P;,) from the square-root chart minus the 
minimum pressure reading (P;.) from the square- 
root chart divided by the average value of the pres- 
sure reading (P,,) on the square-root chart multi- 
plied by 100. 

However, it should be noted in interpreting the 
data shown on Figure 1 that a chart with a large 
amount of pressure variation, say 17 percent, may be 
read with a planimeter and the chart-reading error 
may be as much as about 7 percent or as little as 0 per- 
cent. In other words, just because the pressure variation 
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is large, it does not follow that the reading error 
must necessarily be large—it may be ‘or it may not 
be. Sixty percent of the data plotted on Figure 1 in- 
dicate a reading error of less than 1 percent regard- 
less of the variation in pressure. However, if the 
pressure variation is small, under 1 percent, then the 
error of chart reading (from this source) will cer- 
tainly be small (less than 1 percent). A pressure 
variation of 2 percent may be allowed and there will 
still be reasonable assurance that the chart reading 
error will not exceed 1 percent. 

Further, the error in chart reading when using a 
planimeter resulting from variation in pressure may 


be either positive or negative. Therefore a plani- 
meter may be used to read the chart from a given 
meter where the pressure varies considerably, and 
over a long period of time the cumulative reading 
error will, in all probability, be very small because 
of the law of probability and the compensating na- 
ture of individual errors. 

Considering that the chart reading error using a 
planimeter introduced by pressure variation is some- 
times positive and sometimes negative, and that 
often pressure variation introduces no error at all, it 
may often be found expedient to use the planimeter 
for reading charts from meters where the pressure 
varies when the standards of accuracy permit. 


Chart Reading by the Integrator Method 


W. J. KENNEDY, Southern California Gas Company 


iF THE first paper (Sight Reading of Orifice Meter 
Charts) it was pointed out that considerable skill and 
practice are required to average a fluctuating differ- 
ential pressure for a 15-minute or a 1-hour period. This 
is true since the sum of the instantaneous values of 
the square root of h and P, for any interval of time 
vary considerably from the values determined by the 
square root of the average differential and pressure 
for the same period of time. 

In the second paper (Calculation of Orifice Meter 
Charts by the Square Root Planimeter Method) de- 
sirable flow conditions for the use of a planimeter 
were explained. With a widely varying pressure, a 
certain degree of inaccuracy may be expected. 

This comparison of chart-reading methods should 
not be construed as discrediting any of the chart- 
reading methods, but is presented for the purpose of 
showing the necessity of reading the differential and 
pressure to the same degree of accuracy as the in- 
stantaneous values are recorded on the chart. The 
integrator is a device with which this operation can 
be performed with the necessary accuracy under all 
conditions. 

The integrator is a calculating machine that ac- 
cumulates products of instantaneous values of differ- 
ential and static pressures as recorded on orifice- 
meter charts. With this machine the values of h and 
P, can be read with the same degree of accuracy as 
they are recorded on the orifice-meter chart. 

The integrator is obtainable in several models so 
that any static and differential range combination of 
the three well-known makes of orifice gauges used in 
the measurement of gases and liquids can be calcu- 
lated. 

The integrator is operated by means of two arm 
handles and a foot control. The control arm handle 
operated with the right hand controls the differential 
pen which is to the right of the operator. The left 
hand controls the static pen which is to the left of 
the operator. The static pen is trimmed in black and 
is filled with red ink. The differential pen is trimmed 
in red and uses blue ink. This enables the operator to 
glance at the pens and make sure that the red pen is 
tracing with blue ink over the differential line and 
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the black pen is tracing with red ink over the static 
line. 

Before the chart is placed on the machine for scan- 
ning or tracing, all the points on the chart where 
readings are to be taken should be marked. Readings 
in addition to the start and stop may be required for 
the following reasons: 

F Change of orifice coefficients due to change of plate or 

Static spring. 
. Use of 48-hour charts where daily volumes are necessary. 
Division of daily consumption where the volume meas- 
ured is on a day and night rate. 

Reading of overlaps and underlaps for purposes of cor- 
recting the volume measured to standard day basis. 

After the foregoing points have been marked on 
the chart it should be placed on the machine. Next 
the counter reading at the start should be recorded in 
the space provided on the chart. The differential pen 
should be placed on the exact arc line of the starting 
position on the chart. The chart weight should be 
placed on the post in the center of the chart plate, the 
time indicator released, then the chart weight pushed 
in place, which forces the needles on the chart plate 
through the surface of the chart. The control arms 
are then moved in such a way so that the static and 
differential pens rest on the exact starting point of 
the chart, then the static and differential lines are 
traced. The chart plate should be stopped and counter 
readings taken at the points previously designated. 

The pen rods which pivot on the pen arms are then 

tilted back, tilting first the differential pen then the 
static pen. The chart is then removed and the final 
counter reading taken and recorded in the space pro- 
vided for the stop reading. 
. When the differential goes to zero for a short inter- 
val of time during the revolution of the chart, it 1s 
necessary only to move the differential pen to the 
zero line. When this is done the counter cannot 
record. 

Occasionally orifice gauges will get out of adjust- 
ment and erroneous values of h and P, will be re 
corded. Rough handling by the chart collector may 
cause the static pen to become bent, thus giving an 
erroneous reading. Loss of mercury in a gauge may 
cause the differential pen to register too low. Stick- 
ing parts may cause the differential pen to register 
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high or low. Errors may continue in existence for 
several days before they are observed by the chart 
collector or the office personnel. When such errors 
are observed it is then necessary to calculate the 
chart, correcting for the amount of error found in 
the meter. 


When the differential varies throughout the range ~ 


of the chart it is wrong to apply a percentage correc- 
tion factor because the gauge capacity varies non-uni- 
formly from zero to maximum of the chart. The 
method for correcting such an error is by the use of 
a set of dividers which are fitted to a pen cap placed 
on either the static or differential pen on the inte- 
grator with the divider point adjusted so that it 
does not touch the chart. Then the distance between 
the tip of the divider and the tip of the integrator 
pen can be adjusted to correspond to the »mount that 
the meter was found in error. Then the line that is 
recorded by the meter can be traced with the tip of 
the tracing pen divider, and the integrator will then 
integrate and record a line where the meter should 
have recorded. In this way, an accurate, corrected 
reading is obtained, regardless of how much the 
differential or the pressure may fluctuate. 

The integrator should be checked at least three 
times daily, preferably at the beginning of the day, 
the middle and end of the day. This will provide a 
record which proves the accuracy of charts calcu- 
lated between tests. This may be accomplished by 
setting the static and differential pens on several 
combinations of static and differential lines and 
tracing the constant values for the complete revolu- 
tion of the chart. 

Some flow conditions require both a 10-inch and a 
i0-inch guage. Usually the static pressure is re- 
corded on the 50-inch chart only. The 50-inch and 
l0-inch charts are matched as to exact time and a 
sheet of pencil carbon paper placed between them. 
The pressure record may then be traced from the 50- 
inch chart to the 10-inch chart. The portions of each 
chart to be read are marked on the chart. 

An operator can be trained in a comparatively 
short time; the approximate time required is about 
8) hours constant practice. In order to obtain a 
good degree of efficiency, the operators should alter- 
nate on two hour shifts. Charts with fairly even dif- 
ferential pressures may be calculated in approxi- 
mately 34 to 1% minutes, whereas, one with a widely 
varying differential pressure requires from 2 to 3 
minutes. 

For consistent results in chart calculation it is 
desirable that square-root charts be used. The use 
of these charts require but one setting of the static 
pen. Use of the “M” charts require that the static 
pen be readjusted for each type of “M” chart used. 
By use of the square-root charts, a possibility of 
trror due to pen arm adjustment is considerably 
reduced. 

The orifice meter equation was explained in the 
first paper (Sight Reading of Orifice Meter Charts.) 

ut when reading square-root charts on the inte- 
stator the equation becomes: 


OO st va ‘ 
Q =Quantity 
Where C,’=Hourly coefficient (square-root charts) 


X =Difference between the start and 
reading of the integrator counter 
I =Integrator machine factor 


In order to simplify the calculation, the integrator 
machine factor “I” is included in the orifice coeffi- 
cient. It is combined with the “M” factor which is 
the factor applied to the coefficient when square- 


stop 


root charts are used. This reduces the equation to: 
Q =C.”"xX 


C,”=Hourly coefficient for square-root charts: 


Where read on integrator 
X =Difference between -the start and stop 
readings ; 
EXAMPLE 
QO Shs ak 
C.”=1500 


7600 Stop reading 
7150 Start reading 


X= 450 Difference 
1500 450=675,000 cubic feet per hour 


The formula for the integrator factor “I” is 





Range of chart 


<< _; 
500#/100” 





Where 
Correction factor for the use of the 
Integrator. The machine is designed 
with a constant of 1.000 at the 
chart range at 500#/100” 
Following is an example of the calculation of the 
integrator factor when using square-root charts. 
Since the correction for the square-root charts is 
1.000 for the chart range of 100#%//100” the equa- 


tion becomes: [100#7100" 
V-s00#/1007 = 447 | 
The sample chart which is being used to demon- 
strate the three methods of chart reading has been 
read on the integrator and the results are as follows: 





Integrator stop reading 9540 
Integrator start reading 7547 
Difference 1993 
E=>XxXI 
Where E = Extension 
. = 1993 
I = ;.447 


1993 & .447 = 890.9 


Mechanical Features of the Integrator 

The integrator operates through translating into 
revolutions and multiplying the three given values 
of the chart, namely: Time, square-root of pressure, 
and square-root of differential and summing up the 
products in terms of revolutions. An infinite number 
of instantaneous values are multiplied and summed 
up for each chart. 

Essentially the machine consists of three discs or 
plates which may be termed the chart plate, the 
time plate, and the pressure plate. The time plate 
and chart plate are geared together in constant ratio 
and are driven by a variable speed motor. The pres- 
sure plate is situated above the time plate, and geared 
to the pressure plate is a small steel disc roller 
termed the pressure roller. This roller bears on the 
face of the time plate and is shiftable across it from 


, center to outside edge. Thus, through shifting the 


position of the pressure roller, it is possible to change 
the speed ratio between the time plate and pressure 
plate. A second roller termed the differential roller 
is shiftable across the face of the pressure plate an¢ 
directly connected to this roller is a simple revolu- 
tion counter. Therefore, it may be said that the 
mechanism includes a driving plate and two super- 
imposed frictional speed changes in series all driv- 
ing a revolution counter. 

Two pen arms equipped with fountain pens rest 
on the chart plate. These pen arms contact with the 
face of the chart when it is resting on the chart 
plate. The ends of these arms are connected through 
a system of levers and square-root cams which are 
attached to the static pressure and differential car- 
riage rollers respectively. 

This linkage is so arranged that the pen arms 
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serve to move the carriages so that any time the 
point of contact of these rollers with the respective plate 
surfaces will correspond in revolutions respectfully to: 
the square-root of the absolute static pressure being reg- 
istered at that instant by the pressure pen; and the 
square-root of the differential being registered at 
that moment by the differenial pen. Two control arm 
handles on the front of the machine serve as means 
to move the pressure and differential arms across 
the fact of the chart while tracing the two recorded 
curves. 

Analyzing the action of the machine, the time 
plate turns a certain definite number of revolutions 
while the chart plate turns through a certain known 
time division on the chart: for example, one hour. 
Therefore, time plate revolutions are an index of 
time. 

At any instant during this time the pressure 
roller is engaged in multiplying the square-root of 
the absolute pressure being indicated at that instant 
by the pressure pen by this instant of time. For ex- 
ample, if the pressure pen is resting on 85.6 pounds 
static pressure or 100 pounds absolute, the pen arm 
linkage will force the pressure roller to that distance 
from the center of the time plate which will cause 
the pressure plate to revolve exactly 10 revolutions, 
or the square-root of 100, while the chart plate turns 
through one hour’s time. Therefore, the revolutions 
turned by the pressure plate during any instant of 
time equals T\/ P, where time equals that fractional 
part of one hour represented by the instantaneous 
reading and P is the absolute pressure at that instant. 

The differential functions in the same manner, the 
differential pen being linked through a square-root 
cam with the differential roller, so that for any indi- 
cated differential, the linkage forces the roller to a 
distance from center of the pressure plate which is 
equivalent to Vhr where r is the radius of the dif- 
ferential roller. For example, if the differential pen 
rests on 25 inches, then the position of the differen- 
tial roller is such that it will turn exactly 5 times, 
or the square-root of 25 inches for each complete 
revolution of the pressure plate. 

Therefore, the revolutions of the pressure plate are 
multiplied by the square-root of instantaneous dif- 
ferential,-and as pressure plate revolutions equal 


TYP, then net resultant in revolutions registered by 


the counter equals TY P,\V/h for any one instant or 
the summation of this expression for any definite 
time interval. 

The differential pen on the integrator follows the 
arc line, and the static pen follows the same time 
lag or distance in advance of the differential pen. 
This can be adjusted to any time lag desired. How- 
ever, it should be set to a common lag used on the 
orifice meter that is recording the chart. Most com- 
panies specify that the time lag should be set at 15 
minutes. 

A blank chart can be placed on the integrator in 
the office and the differential pen can be made to 
follow the arc line on the chart, then with the chart 
plate in this same position the static pen may be 
made to mark from the zero position to the outer 
edge of the chart, and the spacing beween the static 
and differential pens may serve as a guide for the 
meter inspector who sets the time lag on the orifice 
meter. Employing the arrangement of setting the 
time lag on the orifice meter to correspond with the 
integrator, each corresponding instant of static and 
differential may be integrated. 
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‘ A center shaft extends through the chart plate 
and is tapered off at the top in an oval manner so 
as to allow ease in changing the charts. Three needles 
are equally spaced around the center shaft on the 
chart plate, and when the bakelite chart weight is 
placed on the chart, these three needles penetrate 
the chart surface and hold it in positive position 
which eliminates any possibility of the chart slipping 
with relaton to the revolutions of the chart plate. 
The integrator is equipped with an automatic stop 
mechanism, and the underneath side of the chart 
plate is milled out with 96 slots, one for each quar- 
ter of an hour on a 24-hour chart. An indicator which 
swivels from the center shaft on the underneath 
side of the chart plate to the edge of this plate is 
designed so that it points to the differential pen 
which follows the arc line on the chart. This pointer 
can be set to calculate an even 24-hour chart or any IT" 
portion of the chart. For example, if we were to cal- 
culate a 24-hour chart which covered an even 24- ff tha 
hour period, we would place the chart on the inte- Jf ing 


grator starting the chart exactly as it was set on the Jf hec 
orifice meter—that is, set the differential pen at the Jf The 
start of the differential line on the chart. The start- “ 
ing-time indicator would then point directly to the wit 
differenial pen. We would release the time indicator, Ellie 
retrace the static and differential lines, and the § met 
machine would stop automatically at the end of an Jf nee 
even 24-hour period. 

However, if we had a 24-hour chart which ran 25 a 


hours, the chart would be placed on the integrator 
at the starting position which corresponds to the 5 
way it was set on the orifice meter, and the time 
indicator would be shifted to the left of the starting 
position one hour. Then one hour of the chart would 
be read, and the machine would stop automatically at its the 
original starting position. Then release the time indi- §f of | 
cator, and the remaining 24 hours would be traced J pro} 
and calculated and the machine would again stop at 

the end of that period. S 


The machine is equipped with a small motor. This § Gas 
motor drives the time plate shaft to which the time § of j, 
plate is attached on the top side of the machine. On or 
the time-plate shaft in the gear case is a small spiral J _ 
gear which drives a line shaft connecting to a gear moc 
located directly under the chart plate. pect 

A rheostat rests on the floor and connects to the § 3% 
front of the integrator and, in turn, to the motor; and § o, le 
this enables the operator to vary the speed of the an 


chart plate to any speed desired, which makes it pos- 
sible to trace the most irregular charts with ease TI 


and precision. The speed of the chart plate can be J goes 
varied by this means, but as the time plate and chart de 
‘ plate are directly connected by gear arrangement, - 
the ratio of revolutions to the time plate and chart cal | 
plate always remains the same. When the time indi-  turbi 
cator trips off at the finish of a chart, the chart plate J of its 
stops at that exact instant. 
A clutch arrangement has been provided directly § | Fe 
under the chart plate so as to eliminate any shock § 'ssue 


which ,would occur on the motor and gear case when 
the chart plate is instantly stopped. The automatic 
stop mechanism is so arranged that when the plunger 
snaps in place in one of the notches in the chart J , 








plate, the differential carriage roller, which in turn “GA 
is connected to the index counter, is thrown against 
a rubber-faced brake at exactly the same instant that 

The 





the chart plate stops, thereby assuring an exact 
count of the integrated values of static and differen 
tial for any predetermined setting of time that may 
be desired. 
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juar- 

rhich ri ape 

ieath he 

te is ; 

pen 

inter 


yy. | I'S HERE, NOW—this new prime mover 
94. | that engineers everywhere have been look- 
inte- § ing for, that a number of large builders of 
1 the § heavy equipment have sought to develop. 
aa The new power unit that turns fuel into power directly 
“the | Without steam equipment or reciprocating engine design. 
ator, § Elliott Company, after years of research and experi- 

the § mentation, marked by characteristically ingenious engi- 
fan § neering skill, has built and operated the first successful 
gas turbine for ship propulsion ever developed. The 


Elliott gas turbine plant is in production. 


n 25 


“ator 
the Further developments and improvements are naturally 
cha to be expected. But the tough job is done—there remains 


ould | 0W the task of applying this new Elliott prime mover to 
it its | the various needs of industry and transportation. A few 
indi- § of these applications have been worked out in their 


aced ff probable forms, as illustrated. 
ip at 





Some of the characteristics and vital data of the Elliott 
This [| Gas Turbine as established in the present unit, will be 
"ea of interest . . . horsepower—2500 . . . overall efficiency 
<4] | 722 percent (32 or 34 percent anticipated in later 
sear § Models . . . weight—30 pounds per horsepower (ex- 
pected to be 20 pounds in later models) . . . cubic area— 
the § 32 feet per horsepower (probably will be 1 cubic foot 
= or less in later models) . . . fuel—medium grade fuel oil. 
“Flower grades and powdered coal a probability. 


pos- 
ease The Elliott Gas Turbine is not a dream of future low 
te: cost and limitless power . . . It is a thoroughly practical 
ent, | development, utilizing natural thermodynamic and physi- 
hart § Cal laws with which every engineer is familiar. The gas 
ndi- § turbine is here, now—Elliott Company's latest and one 


late | of its many important contributions to the power industry. 


ctly For further information ask for the Gas Turbine 
ock § issue of POWERFAX, 
hen 
atic 


Se’ | ELUOTT COMPANY n JEANNETTE, PA. 
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|. Tuhe Header $ for READERS ARE URGED TO CONTRIBUTE items to this department. 

Drawings or photographs are desired where practical. Payment for 

low-Heat Still | items accepted will be on-a basis that will compensate for the time 

| involved and in addition each contribution will be eligible to receive 

E the bond award as outlined in the announcement on page 156. Jury 

ARLY tube stills, it will be recalled, awards will be announced in the second issue after publication. 
eres memergneed teet qiegmume OF fe- QS ee : Ooh ih SSD AAA 
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Y The upper view shows one end of the furnace 
equipped with plant-fabricated return bends and 
tube header. At left is a view of the other end 
of the furnace during a down period during 
which additional headers are to be welded to 
the unclosed tubes shown in the picture. At right 
is a side view which shows how the tees are 

welded together to make the unit. 


placing tubes involved cutting out the 
offending member. Later developments 
brought out the suppliers’ forged-steel 
tube headers for high-pressure, high- 
temperature furnaces. Some types of 
refining do not require the higher-cost 
headers, and many plants have low-heat- 
input stills which are built with 180- 
degree weld fittings for tube headers. 
These provide no ready means for 
getting at the tube interiors. A California 
plant which operates a small pipe still 
in addition to a number of heavy-duty 
furnaces has overcome this difficulty. 
This unit contains a combination of 
weld-fitting return bends and plant- 
fabricated tube headers. The return 
bends are placed in the roof section of 
the unit where it has been found that 
deposits of coke and scale seldom inter- 















ORE than 4,000 different items make up the com- 
plete Tube Turns line. Whatever you need, in 
whatever quantity, can be supplied by your nearest 
Tube Turns distributor. There are Tube Turns distrib- 
utors in all principal cities, and all of them carry com- 
prehensive stocks to help you avoid delays when 
speed counts. 

Tube Turns introduced the first seamless welding fit- 
tings. The complete Tube Turns line is today the 
product of years of successful experience—of meeting 
the demands of industry as they arose. Familiarity 
» with every phase of inodern piping practice, gained in 
the creation of the complete Tube Turns line, is an 
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If it's welding fittings or flanges, 


It's in the complete Tube Turns line! 





THE COMPLETE LINE OF WELDING FITTINGS AND FLANGES 


October, 1945—A Gulf Publishing Company Publication 






“extra” you get when ve do business with us. Back of 
every distributor stands the nearest Tube Turns branch 
office, backed up by the home office engineering staff. 

Your Tube Turns distributor can be of real help to 
you. Get acquainted with him now. And write today 
for your free copy of Tube Turns Catalog No. 111, a 
240-page handbook of welding fittings information. 
Selected Tube Turns distributors in every principal city 

are ready to serve you from complete stocks. 

TUBE TURNS (Inc.), Louisville 1, Kentucky. Branch 
Offices: New York, Chicago, Philadelphia, Pittsburgh, 
Cleveland, Dayton, Washington, D. C., Houston, San 
Francisco, Seattle, Los Angeles. 






155 









fere with efficient operation. The re- 
mainder of the tubes, in both wall banks 
and in tiers above the combustion area 
of the furnace, are equipped with the 
plant-fabricated tube headers, so that 
these tubes may be opened for inspec- 
tion and cleaning. 

These tube headers are made of stand- 
ard welding tees attached running to 
the tubes, with the side outlets of the 
tees connected to each other so that the 
flow circuit is established. Ejight-hole 
flanges are welded to the open end of 
the tees, and closure is provided by 
blind flanges and standard ring gaskets. 

When it is necessary to replace a tube, 
the welder cuts the old tube close up to 
the tee and welds in a new tube. In- 
dividual headers in this furnace must be 
tailored to fit the two adjacent tubes 
because of inequalities in alignment. 

This furnace has been in service for 
many months and this method of head- 
ing the tubes has proven eminently 
satisfactory. —J. C. A., California. 


2. Speeds Gauge Check 


- 
And Aids Accuracy 
Wraer E an accurate check must be 


maintained on vapor-pressure gauges, it 
is necessary that all gauges be checked 
with a common unit to insure against 
possible variation in processing when 
one gauge is rgplaced by another. 

One plant designed and put into serv- 
ice a checking unit whereby a number 
of gauges may be checked simultane- 
ously, enabling all the pointers to be set 
to a uniform figure, and permitting a re- 





Fis month the operating personnel 
| im the refining, cycling and natural- 
| gasoline plants determine the winner of 
a War Bond, maturity value is $25.00. 

Superintendents, assistant superin- 
| tendents and foremen (subscribers as 
well as non-subscribers) become a jury 
to select the most practical contribution 
to this new department of Petroleum 
Refiner on maintenance and operation. 
The editors rotate the voting among men 
qualified to determine the rating. 

This award is in addition to payment 
| for the article. These methods of solving 
plant operation and maintenance prob- 
lems come from the personnel of the in- 
dustry. Items provided by Petroleum Re- 
| finer staff members will not be eligible 
for the War Bond award. 

Send contributions to Petroleum Re- 
finer, P. O. Box 2608, Houston 1, Texas. 








check with no possibility of a new base 
point being accidentally introduced. 

A header is formed by blanking off a 
24-inch section of 2-inch pipe, with 6 or 
more 44-inch nipples welded into the top 
when the nipple is laid horizontally. To 
one end of the header is attached a lead 
carrying a small pressure-reducing valve; 
the other end is connected to a 50-inch 
manometer. 

To test gauges, they are attached to 
the ™%-inch risers, the corresponding 
valves opened, and pressure applied to 
the header through the regulating unit. 
The reading is accurately indicated by 
the height of the mercury column against 
the graduated scale of the manometer, 
and the pointers of the individual gauges 
adjusted to give the same reading. The 
pressure is then turned off at the gauge 
cock, when the now corrected unit may 
be removed and placed again in service. 


H. A. H., Texas. 
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3. Rack Keeps Steam 
Hose Available 


iene steam hose is required for 
flushing and fire-fighting purposes 
around the plant, much time is saved if 
the hose be kept convenient to the steam 
outlet, in lengths sufficient to provide 
the necessary delivery at designated 
points. 





Scrap material was used to make this rack for 

steam hose. This treatment keeps the hose in 

Proper condition and has it ready for use 
when needed. 


One plant solves the problem of hav- 
ing steam hose ready, and at the same 
time protects the hose against damage, 
by installing hose racks adjacent to each 
outlet steam valve. The racks are made 
up from scrap material, being formed 
from crossed angle iron arms, drilled 
for bolting to the I-beam support or 
which the overhead steam lines are 
carried, and on which are welded short 
arms of 2-inch pipe. These arms form 
the members on which the hose is coiled 
for storage, the stiff hose forming 4 
fairly smooth curve across the gap be- 
tween adjacent arms and maintaining 
its coiled position without binding oF 
fastening which might interfere with im- 
mediate use of the hose in an emergency. 

The hose, except in locations where 
frequent emergencies arise, should be 
disconnected from the valve and thor- 


Putting a number of gauges under the same 

pressure and checking against the manometer 

shown at the left insures the gauges being 
uniformly set. 
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MI Kee’s record of successful, world- 
wide engineering service to the Petroleum 
Refining Industry is evidence that you 
can place any project in our hands with 
complete confidence in the ability, expe- 


rience and integrity of this organization. 
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oughly drained before being stored, as 
moisture remaining in the hose will pro- 
mote deterioration, and may accumulate 
in sufficient quantity, through a leaky 
valve, to freeze and damage the hose 
during cold weather. 

A sheet-metal cover, large enough to 
slip over the coiled hose and rest'on the 
upper partion of the coils, prevents 
aging of the material through action of 
sunlight, and does not materially delay 
emergency use of the line.—M. T. P., 
Kansas. 


4, Bleeder Prevents 
Pump Vapor Lock 


Tot anks and other highly volatile 
liquids add to the difficulty of handling 
through their tendency to vaporize at 
the least reduction in pressure, and thus 
to cause the pumps to kick off from 
vapor lock. Usually operation becomes 
fairly steady once fluid is moving 
smoothly through the pump, but when 
the unit is first put on the line, the diffi- 
culty is almost certain to put in an ap- 
pearance, and to delay full volume de- 
livery. 

One plant superintendent overcame 
this problem by installing a bleeder on 
the intake line to the pump. Then he 
had welded a jacket of larger-sized pipe 
around the intake, the sleeve forming a 
closed annulus around the flow line. The 
bleeder was connected through a loop 
into the top of this jacket, with a drain 
at the bottom to remove condensation, 
and serve as vent to the waste system of 
the plant. 

When the pump is started and vapor 
lock appears, it is necessary only to 
open the %-inch needle valve in the 
bleeder line, allowing gas to bleed off. 
The reduction in pressure as the flow 
reaches the annulus has a decided cooling 
effect, reducing the temperature of the 
intake and quickly checking the vapor 
lock and restoring full-volume flow into 
the pump suction.—E. S., Arkansas. 


9. Stream How Data 
By Quick Check 


Wars an approximate rate of flow, 
as the amount of water flowing to waste, 
is required, the desired information may 
be obtained by the use of a simple 
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These measurements reveal the approximate 
flow from a full-flowing pipe. — 


formula, which may be applied if the 
flow can be directed horizontally from a 
pipe which is kept full. The method re- 


quires that the pipe be delivering full 


stream, as any void at the top would 
not be compensated for by the method 


of figuring output. 


Having established full flow, it is 
necessary only to measure the distance 
reached by the stream before the flow 
falls vertically, determining also the 
point where the vertical drop occurs 
with reference to a level carried out from 
the top end of the pipe. The flow, in 
gallons per minute, then is equal to the 
diameter of the pipe squared, multiplied 
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by the horizontal distance thus obtained 
and then by the factor 2.56. The product 
thus obtained is divided by the square 
root of the vertical distance determined 
as outlined. 

As an example, let a four-inch pipe be 
flowing full, with the horizontal flow 
reaching 20 inches, and the point where 
vertical drop occurs being 25 inches 
below the top level of the:outlet. The 
formula then becomes 


4%4X 20K 2. 
XK 4X 20 X2:56 — 163.85 gal/min. 


v25 
—S taf. 


b. Rake Helps Keep - 
Grounds in Shape 


a crushed rock is used ona 
station yard, it is necessary from time 
to time to redistribute the stone to fill 
grooves formed by dragging material 
across the yard, and to form sufficient 
cover over high spots to prevent the 
growth of vegetation through the sur 
facing material. 

One station devised a rake which 
speeds up this yard reconditioning. A 
3-foot length of 4-inch pipe was slit 
lengthwise by the welded, making a 
straight cut down one side, and notching 
the other in a serrated pattern which, 
when the pipe halves are separated, 
forms two toothed sections, each with 
one straight side. 

A socket for a wooden handle is at- 
tached to the straight side, being set at 
an angle which will bring the toothed 
edge approximately at right angles to 
the ground when the handle is most 
conveniently held by the yard worker. 

Weight of the pipe is sufficient to 
cause the pointed teeth to dig into the 
rock, loosening it and turning it over; 
while the 3-foot blade serves to re 
distribute the stone so as to leave it 
properly leveled. 

In one yard where such a rake was 
required to maintain the stone around 
the gate settings, and also on occasion to 
break ground for the gradual seeding o! 
the area between the tanks, the device 
was improved by the addition of hard- 
facing metal to the tines or prongs 0! 
the rake.-These hardened points, after 
being ground, maintained their sharp- 
ness and shape over a long period 0! 
use, including that of being pulled by 4 
tractor while two men stood on the 
back edge of the unit and served to 
force the points into the hard surface. 

Where hard-facing of the points 's 
resorted to, the fingers or tines may be 
made narrower and longer, and when 
reinforced with the hard metal, will 
withstand the most severe service im 
posed on them.—G. F. P., Texas. 





Opening the needle valve shown on the intake 


line has a double effect: it bleeds off the 9% 

which causes vapor lock, and at the same time 

lowers the temperature to correct the condi- 
tion that caused the lock. 
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Staff. 
Two views of the 800 hp GMV compressor units in 
Columbian Carbon Company’‘s gathering station in 
Goldtown, W. Va. Note variable clearance pockets 
in view above. 
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Mice of the information presented 
to your Committee during these hear- 
ings bears on the fundamental question 
of how to meet America’s future require- 
ments for petroleum. In this respect our 
country is unique. Although it includes 
only about 7 percent of the world’s land 
area and 7 percent of the world’s popu- 
lation, America has for many years been 
producing and using more than % of 
the world’s petroleum and the world’s 
motor vehicles, and consuming more 
than half the world’s rubber supply. 


All three of these are a measure of our 
outstanding position as a nation on 
wheels, and of the essentiality of our 
need for a plentiful supply of quality 
petroleum products at reasonable prices. 
Our per capita consumption of oil is 30 
times the average of the rest of the 
world. The energy content of this oil is 
equivalent to the work of 40 slaves for 
every individual in the United States— 
and it is in such convenient and con- 
centrated form that no number of slaves 
—or of horses—could do what it does 
for the average American, particularly 
in the field of transportation. 

In spite of repeated and widely circu- 
lated “scare stories” during the last 25 
years, predicting an imminent shortage 
of oil, the American petroleum industry, 
operating as a free and highly competi- 
tive industry, has never failed to meet 
all essential requirements. Even when 
confronted with the stupendous prob- 
lem of meeting a military and essential 
civilian demand for petroleum products 
which reached a peak of about 5% mil- 
lion barrels per day, and in spite of 
shortages of transportation, materials, 
and manpower and of crude prices fixed 
at levels below average replacement 
costs, the industry has done the job. To 
do so it increased its domestic produc- 
tion and refining by about 1,100,000 bar- 
rels per day as compared with 1941. 
Military and lend-lease demand increased 
about 1% million barrels per day dur- 
ing the period and over-all civilian con- 
sumption had to be cut about 400,000 
barrels per day. Widespread public ob- 
jections to rationing, especially before 
the necessity became well understood, 
provide some measure of our nation’s 
reliance on adequate petroleum supplies 
and emphasize the importance of their 
availability. 

To aid in understanding the amazing 
magnitude of the petroleum industry’s 
accomplishment in meeting war de- 
mands, consider these facts: America 
has supplied aviation gasoline at a daily 
rate more than 100 times as much as at 
the peak of World War I; and motor 
gasoline at nearly a 20-fold rate, yet this 
demand has been met with field crude 
prices and refinery gasoline prices 
roughly half what they were 25 years ago. 

But so much for the past; your Com- 
mittee is naturally more interested in the 
future. The proper period of forecast 
ae aremmpenilen to this Committee -has 
been the subject of considerable discus- 
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America’s Future 


DR. ROBERT E. WILSON 
Standard Oil Company (Indiana) 


















Tae accompanying text is the report of Dr. Wilson as chairman of an industry 
committee on petroleum requirements presented October 3 before the Senate's 
(O’Mahoney) committee investigating petroleum resources. 


S. P. Coleman, Standard Oil Company (New Jersey), testified on world 
demand, and said 11,000,000 barrels daily will be required by 1965. The com- 
mittee also heard spokesman for the Army, Navy and Bureau of Mines. 

The industry committee of which Dr. Wilson was chairman included Coleman; 
Joseph E. Pogue, Chase National Bank; J. French Robinson, American Gas Associa- 
tion; H. J. Struth, Texas Mid-Continent Oil & Gas Association; James V. Brown, 
Independent Petroleum Association of America; E. Buddrus, Independent Natural 
Gas Association; Earl W. Wagy, Standard Oil Company of California, and Fred 
Van Covern, American Petroleum Institute. 
























sion by our industry Committee on Pe- 
troleum Requirements. Obviously we 
can be much more certain of the out- 
look for the next five or ten years than 
we can for the more distant future. On 
the other hand, we feel that we should 
attempt to forecast at least 20 years 
ahead, because policies to be established 
now should certainly take into account 
developments which seem likely to oc- 
cur within a generation. 


While the petroleum industry has su- 
preme confidence in its ability to meet 
every demand for petroleum and its pro- 
ducts for many, many years, it is under- 
standably reluctant to try to forecast 
definite detailed figures for two or three 
decades ahead. Seldom, if ever, has our 
industry been bold enough to forecast 
for many years ahead the extent of ex- 
pansion of eicher the demand for petro- 
leum or the ability of the industry to 
supply that demand from domestic 
sources. The unfortunate experience of 
our sober and highly regarded U. S. 
Geological Survey makes any group re- 
luctant to undertake projections except 
with many reservations. In 1918 the 
Survey estimated the total crude re- 
serves underlying the country to be 
around 6% billion barrels, and most 
contemporary geologists were inclined 
to concur. Actually, we have since that 
time produced 25 billion barrels and 
have today proven producible reserves 
of more than 20 billion barrels, a total 
already seven times that estimated by 
the Survey. 


We approach our present forecasting 
problem in much the same spirit-as a 
well-educated young man about to mar- 
ry. He does not know for whom he will 
be working or how much he will earn 
or just what his financial requirements 
will be; but he has supreme confidence 
that, given his health, he will be able to 
make a good living and give adequate 
support and protection to his family, 
though at what precise level the balance 
will be struck he cannot predict. The 
only important “if” in his mind is the 
question of continued health and freedom 
of opportunity—and that is exactly the 
feeling of the petroleum industry as it 
looks into the future. Given a continua- 
tion of a legal and economic climate 
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conducive to free competition in dis. 
covery, research, development, and dis. 
tribution, the industry knows a dozen 
ways in which any possible demand can 
be met, even though it cannot predict 
just which of these methods will prove 
most efficient and economically desir 
able when the time comes. 

The supply and demand picture al- 
ready presented to you by Mr. Cole 
man and others for the next 20 years may 
be summarized as follows: 

(1) The Eastern Hemisphere ha: 
more than adequate crude supplies for, 
and is logically located to supply, the 
entire Eastern Hemisphere demand so 
far as volume is concerned. Roughly 
speaking, the Eastern Hemisphere has 
slightly more than half the world’s 
proven reserves with less than a quarter 
of the world’s prospective demand 
While products of unusual quality, as 
well as various specialties, probably will 
continue to be exported from the West: 
ern’ Hemisphere, after the next few 
years such exports will not be of sub 
stantial importance in striking a West 
ern Hemisphere balance . . . indeed, the 
balance of flow may some day be in the 
other direction. 

(2) If Eastern Hemisphere crude pro- 
duction does largely come to supply 
Eastern Hemisphere needs, which wil) 
most certainly be the general trend ove' 
the coming years, there will be a large 
surplus of crude in South America 
available for shipment to the United 
States and Canada. Without this large 
South American production, shipped 
both to the United States and direct to 
the fighting fronts, the war demands 
could not possibly have been met. 

(3) With the end of the war the total 
United States demand, especially for 
gasoline, will drop rather sharply from 
wartime levels. However, except for 
possible continuing strike difficulties ™ 
the oil, motor or tire industries, the 
postwar gasoline demand probably will pass 
its minimum by next spring and the 
overall demand by next summer with 4 
1946 average around 1 million barrels 
per day below the wartime peak. There 
after, except for possible’ temporary 
slumps in the event of an economic de- 
pression, the trend of demand for pe 
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United States Supply and Demand of Crude Oil and Petroleum Products. 


troleum products appears to be steadily 
upward, with particularly rapid gains 
during the first three years. However, 
unless military demand continues as a 
major factor for several years, total do- 
mestic demand probably will not ex- 
ceed the wartime peak of domestic plus 
military export demand for about ten 
years. The postwar rate of increase in 
demand for gasoline and distillate fuels 
probably will be somewhat greater than 
the average, and that for heavy residual 
fuels somewhat less than the average 
for all products. 


(4) The farther we look into the fu- 
ture, the harder it is to estimate accu- 
rately the demand for petroleum and its 
products. The projected demand curve 
Presented in Figure 1*, instead of be- 
ing a line, probably ought to be repre- 
sented as developing into a widening band 
within which actual demand is likely to 
fall. Barring a major depression the do- 
mestic demand for the period. 1961-65 
appears likely to be about 750,000 bar- 
tels a day above the 1944 level of do- 
mestic plus export demand, or nearly 2 
— barrels per day above 1939 
evels. 


(5) The future rates of production of 
crude oil in the United States are diffi- 
cult to predict with accuracy because 
they will depend on many variables, 


—_—_—— 


* The demand estimates and this figure were 
Prepared by the committee in June on the 
mumption that the war would end in 1946. 
n view of the earlier V-J date the whole 
me could probably be moved one year to 
— left, but it seemed unnecessary to recon- 
ene the committee or redraw the curve since 
fara tmony is directed to the most distant 


such as price, good or bad fortune in 
discovery, the development of new 
methods of finding oil, government pol- 


icy regarding taxation and public lands, - 


etc. In general, however, it appears that 
under favorable conditions for crude 
production the ability of our domestic 
industry to produce crude will probably 
for the next five years . . . and possibly 
for the next ten years .. . nearly equal 
the lower range of probable demand 
and will make possible a substantially 
self-contained domestic industry, if that 
should be deemed desirable. On the 
other hand, under a less favorable com- 
bination of conditions affecting domes- 
tic crude production, there will be an in- 
creasing gap between domestic produc- 
tion of crude petroleum and the domes- 
tic demand for petroleum products. It is 
conceivable (though in my opinion not 
probable) that, under a combination of 
high demand and low production, this 
gap between our domestic production 
and our domestic demand might exceed 
1 million barrels per day during the last 
five years of the 20 years which we are 
considering. 


Many Ways to Meet Demand 


The question, to which I am sure the 
Committee wishes me to address my- 
self, is: Assuming such a combination of 
circumstances, how will the industry 
meet this difference between a possible 
adverse domestic crude supply situation 


_and a possible strong domestic demand 


amounting, as I have indicated, to as 
much as a million or more barrels per 
day by 1965? The only definite answer ] 
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can give is that J do not know. But I do 
know that there are many possible ways in 
which it can be met, assuming only 
essential freedom and continued health 
of the petroleum industry. Which meth- 
od or combination of methods will best 
meet the deficiency, if it actually ap- 
pears, will depend upon changing econo- 
mic conditions and quite probably on 
new discoveries and technologies of 
which we do not today even dream, any 
more than we dreamed 25 years ago that 
we could make gasoline from coal or 
natural gas at reasonable costs. 


Free Prices Could Balance Supply 
and Demand 


Before discussing the important tech- 
nological factors, let us consider some of 
the more obvious possibilities. In the 
first place, if it were deemed important 
that a balance be achieved within this 
country between domestic supply and 
domestic demand, the automatic work- 
ing of the price factor could readily re- 
move the entire discrepancy if allowed 
to operate freely. Petroleum supply is, 
over a period of time, highly sensitive to 
price, because price has a strongly stim- 
ulating effect on exploration, wildcat 
drilling, the development of remote 
fields, and methods of secondary recov- 
ery. The combined effect of these and 
related factors over a period of a few 
years can make a tremendous difference 
in the amount of oil which this country 
can produce. In addition, any substan- 
tial increase in the price of products 
would have a depressing effect on con- 
sumption, especially if the prospect were 
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for a continued, even though moderate, 
upward trend. 

As an example of what would happen 
in almost every field of petroleum de- 
mand, consider the sharp increase in 
home insulation and other means of re- 
ducing fuel oil consumption which has 
taken place as the result of the wartime 
shortage of domestic heating oil. In my 
opinion, a majority of the homes which 
have burned fuel oil in the past will 
‘burn less oil postwar than prewar, be- 
cause of improvements in home insula- 
tion, burner or boiler efficiency, and 
other factors tending to conserve heat; 
and such effects would become more 
prominent if there were to be any sub- 
stantial increase in the price of heating 
oils. While the cleanliness, labor saving, 
and convenience of oil would prevent 
any substantial shifting back to coal, any 
large increase in price would undoubted- 
ly tend to reduce new oil burner instal- 
lations. 

As to gasoline consumption, the im- 
mediate effect of an increasing price 
probably would not be great. Even with 
our present high gasoline taxes, the cost 
of gasoline is still only a small part of 
the cost of operating a car. Mainly for 
this reason, the much higher efficiency 
which the petroleum industry has built 
into its gasoline during the past 20 
years has not been converted into much 
increased mileage per galon, but has 
gone to meet public demand for larger 
cars, flashier performance, and higher 
top speeds. However, the continuance 
for any considerable period of substan- 
tially higher gasoline prices would un- 
doubtedly have its effect in bringing 
about more emphasis on economic per- 
formance of automobiles. Even without 
higher prices, the wider use of auto- 
matic gear shifts and the probable trend 
toward lighter and more streamlined 
cars will have a tendency to convert 
more of the increased gasoline efficiency 
into better future economy. 

The effects which increasing price and 
improving technology are likely to have 
on the production and consumption of 
heavy fuel oil are complicated, but will 
serve as an_ interesting illustration of 
industry economics. The new processes 
for catalytic cracking, whose aggregate 
installed capacity has already reached 
60 percent of our prewar thermal crack- 
ing capacity, characteristically. produce 
more gasoline and distillate fuel, and 
much less heavy residual fuel oil, than 
does thermal cracking. These processes 
will be increasingly adopted as thermal 
‘cracking plants wear out, and since they 
give higher yields of the more valuable 

roducts their adoption would be stimu- 
ated by rising crude prices. Heavy fuel 
oil postwar will no longer be a major 
and inevitable by-product of petroleum 
refining, forced to find a market in close 
price competition with coal even in large 
installations. Its price is therefore likely 
to go up somewhat more rapidly than 
that of crude. On the other hand, even 
without larger imports, adequate sup- 
plies would undoubtedly he available for 
ships’ bunkers and for moderate-sized 
installations where oil’s efficiency, clean- 
liness, and labor saving are sufficient to 
justify a reasonable premium over coal. 


But at What Price? 


While we can be certain that rising 
prices could achieve a balance between do- 
mestic production and domestic demand 
for at least 20 years ahead, we cannot be 
certain just what price might be neces- 
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sary to achieve this balance. If the cost 
of finding oil should increase anything 
like as rapidly over the next 20 years as 
it has during the last decade, the in- 
crease in price necessar:; to achieve such 
a balance might prove to be undesirably 
large and tend to penalize American in- 
dustry, shipping, and individual con- 
sumers in comparison with the rest of 
the world. Also, too sharp a reduction 
in the peacetime production and con- 
sumption of heavy fuel oil also would be 
hazardeus in view of the vital impor- 
tance to the Navy of having large quan- 
tities of such fuel available in wartime. 
Again we note that the existence of a 
vigorous industry with widespread dis- 
tribution operations is a military neces- 
sity. 

[t seems clear from the foregoing that 
while free prices could assure a balance 
of domestic supply and demand for at 
least’ a generation ahead, the price re- 
quired to achieve such a balance might 
well prove excessive, and that other al- 
ternatives must be considered. : 


Imports Could Balance Demand 


The second obvious way in which a 
balance can be achieved between supply 
and demand is, of course, by importa- 
tion of sufficient crude and/or products 
to achieve such a balance. Since South 
America has been exporting to the 
United States and the Eastern Hemi- 
sphere during most of 1945 around 700,- 
000 barrels per day on the average, and 
even then drawing on its reserves at a 
lower percentage rate than the United 
States has been, there should be no dif- 
ficulty in importing enough crude, main- 
ly or entirely from Western Hemisphere 
sources, to meet a possible 1960-65 de- 
ficiency of around 1 million barrels per 
day. Such partial reliance on sources 
outside the United States may appear 
unsafe in view of the possibility of an- 
other national emergency. During the 
early part of the present emergency 
there were many months when enemy 
submarine activity made it almost im- 
possible to get oil from South America 
to the United States. On the other hand, 
if we have the wisdom to maintain our 
new Caribbean bases and an adequate 
Navy, there should be little possibility 
of any such future debacle. As a matter 
of fact, any reasonable plan for future 
national security must consider the pro- 
tection of the Western Hemisphere as a 
whole, and of the lines of communica- 
tion between North and South America, 
which are essential for so many of our 
raw materials. 

Fortunately, for reasons previously 
pointed out, most of the imports needed 
to balance domestic demand and protect 
possible naval requirements are likely 
to consist of heavy fuel oil and heavy 
crudes, hoth of which are readilv avail- 
able in South America, and weuld have 
a minimum effect on the domestic crude 
market. ; 


Sound Import Policy Essential 


This last point puts a finger on the most 
serious problem in handling the ques- 
tion of importation. In view of the 
current lew discovery costs, and the 
very high production per well character- 
istic of many foreign fields, heavy im- 
portation of crude at little or no dutv 
could result in a price depression which 
would have disastrous results on our do- 


mestic producing industry and most of - 


our domestic refining operations. If 
America is to be strong and ready to 
meet any emergency, we must keep ex- 





ploration, wildcatting, and development 
of new fields, at a reasonably high level 
and must encourage the continued instal- 
lation of new and better refining equip- 
ment in our domestic refineries. It is 
fertunate that we can, and proper that 
we should, use imports to make up the 
difference between domestic demand and 
our ability to produce at reasonable 
costs, but such action should not be car- 
ried to a point which will ever allow us 
to become mainly dependent on sources 
outside the country for our vitally es- 
sential supplies of liquid fuel. Further- 
more, depressed prices due to unrestrict- 
ed importation would discourage con- 
tinued technological advances in the 
making of petroleum from natural gas, 
coal and oil shale, which are likely to be 
our principal ultimate sources of petro- 
leum products. 


To my mind the only sound answer 
to this difficult problem is an import 
policy which will permit the needs of 
industry and individual consumers to be 
met at reasonable prices, and yet not 
flood the market or keep prices at a 
level which would discourage an ade- 
quate amount of exploration, wildcatting, 
and secondary recovery activities in this 
country. I have shown the vital impor- 
tance of a healthy domestic industry, 
and such activities are the best measure 
of its underlying health. 


Developing the details of a sound im- 
port r-licy to accomplish these results 
will nc. be a simple task, but the gen- 
eral objectives are so clear that I be- 
lieve the entire industry as well as the 
well-informed consumers can unite in 
agreeing to their desirability. The fact 
that the most probable imports from 
South America will consist of relatively 
heavy crude and fuel oil will’ tend to 
take care of our most probable shortages 
with a minimum of repercussion on the 
domestic industry. 

































. Synthetic Gasoline From Gas 


However, increases in price or in- 
creases in imports are by no means the 
only way in which a possible shortage 
could be met. We already know how to 
make gasoline from natural gas by the 
new Fischer or Synthol process at costs 
similar to present costs, and by devoting 
only 1/3 of the present proven reserves 
of natural gas to this type of operation 
and producing: them at a rate of 4 pet- 
cent of such reserves per annum, itl 
would be possible to produce around 
500,000 barrels per day of gasoline, or 
about 30 percent of our prewar gasoline 
consumption. Similar processes ceuld al- 
ternatively produce high quality Diesel 
fuel and wax, and would yield large 
amounts of important chemicals as by- 
products. 


Beyond the above possibilities, which 
could, if desired, be put into large- 
operation within the next year, technolo- 
gists have developed several other pro 
cesses which can, if necessary, supply 
our liquid fuel needs for many genefa 
tions to come. I do not believe these 
other processes will play any large role 
for the next few decades, but they are 
important, both as showing that the mm 
dustry realizes the importance of maii- 
taining a liquid fuel supply far into the 
future, and that it also has actually done 
something about it in the way of fe 
search and development. , 

After the last war, oil shale was the 
only major reserve to which we cot 
look in the event of possible exhausti# 
of petroleum. During the past 25 years 
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For Mathieson’s Sodium Chlorite 
and its Co-Product, Chlorine Dioxide 


yes—through the ingenuity of 
Mathieson’s chemical engineers, the 
available supply of Sodium Chlorite 
(and its amazingly useful co-prod- 
uct, Chlorine Dioxide) has been 
stepped-up to totals almost as great 
as originally planned for post war! 
In simplest terms,.this means that 
this most versatile — under certain 
conditions most powerful and under 
other specific conditions most gentle 
— oxidizing agent yet developed is 
available now. To many phases of 
American industry and to hundreds 
of communities beset with taste and 
odor problems in their water supply 
systems —this announcement will 
be of outstanding significance. 
The adoption of Sodium Chlorite 
and Chlorine Dioxide in the tech- 


nique of bleaching is certain to re- 


sult in improved quality of many 
products now bleached by older 
methods. Textiles — cotton, rayon, 
and nylon . . . paper products of all 
kinds . . . edible and inedible oils 
. . . Shellacs and varnishes . . . even 
beeswax and straw products, can be 
bleached whiter than ever before 
with an absolute minimum change 
of chemical and physical character- 
istics through the use of Sodium 
Chlorite. And Mathieson’s research 
staff is still developing more and 
more uses for this greatest of oxi- 
dizing agents! 

Mathieson is prepared to furnish 
full information on Sodium Chlorite 
—and Mathieson’s staff is ready to 
work with you now in adapting this 
outstanding chemical. to your re- 
quirements. Write today! 


THE MATHIESON ALKALI WORKS (INC.) » 60 East 42nd Street, New York 17,0.Y. 


SODIUM CHLORITE... CHLORINE DIOXIDE... HTH PRODUCTS... LIQUID 
CHLORINE... SODIUM METHYLATE... CAUSTIC SODA... SODA ASH... Bl- 
CARBONATE OF SODA... FUSED ALKALI PRODUCTS... AMMONIA, ANHY- 
DROUS & AQUA... SYNTHETIC SALT CAKE... DRYICE... CARBONIC GAS 


October, 1945—A Gulf Publishing Company Publication 


NARA 












“¢@ 
Annigon Stites 
*Reoeni cs **” K.340 


M. 
TReasunce NOER 


ORR: 





® BUELL DUST RECOVERY SYSTEMS 
are used throughout industry in the 
collection or reclamation of many 
kinds of dust, in numerous 
production and process 

Operations. 

Hundreds of satisfied industrial 
users will attest to Buell’s— 

“High Efficiency, Low Maintenance, | 
Long Life.” iy 





BUELL ENGINEERING COMPANY, INC. 
Suite 5000, 6 Cedar Street, New York 5, N. Y. 
Sales Representatives in Principal Cities 


DUST RECOVERY 
SYSTEMS 


DESIGNED TO DO A JOB, NOT JUST TO MEET A “SPEC” 


164 











however, technology has developed no} 
only the above mentioned methods of 
making gasoline and Diesel fuel from 
natural gas, but also two processes for 
making gasoline and other liquid fuels 
from coal, of which our reserves are 
virtually inexhaustible. 


The first process developed, that of 
hydrogenation, can be employed to make 
gasoline from low grade coals on a 
large scale at refinery cost 10 to 15 cents 
per gallon above present gasoline costs, 
[It was Germany’s mainstay during 
World War II until our air force really 
got to work on it. 

The other process, the Fischer process 
as applied to coal, initially appeared to 
involve costs almost as high as those for 
hydrogenation, and suffered from the 
fact that it had to start with high-qual- 
ity coking coal and produced gasoline 
oF bode quality. Both of these drawbacks 
have been overcome as the result of re- 
search during recent years. Given just 
a few years of further research and de- 
velopment, this Fischer type of process 
can be operated on sub-bituminous coals 
and lignites, of which our domestic sup- 
plies are enormous, to produce good 
quality gasoline and Diesel fuel at costs 
not more than 5 or 6 cents per gallon 
above present costs! This possibility 
eliminates even a remote danger of pe- 
troleum shortage. The gasification step 
of this process can also make a high 
quality fuel gas as a substitute for nat- 
ural gas. 


Government Research Program 


While technologists in Great Britain 
and Germany have already operated 
these processes on a commercial basis, 
considerable research remains to be 
done to make largé-scale operations ef- 
ficient and economical under American 
conditions and on American raw mate- 
rials. Since the industry regards this as 
a very long-range alternative, it is not 
likely to spend the large sums required 
for large-scale pilot plants or semicom- 
mercial units. The Bureau of Mines pro- 
gram of research and development along 
these lines therefore seems to me to be 
sound, though the industry opinion on 
this point is divided. I do urge, how- 
ever, that the building of semicornmer- 
cial units should be postponed until 
much more research and _ pilot-plant 
work has been done. Large semicom- 
mercial units are very expensive an 
cumbersome to operate and quickly be- 
come obsolete as research continues. 
They should not be built until com- 
mercialization of the process appears 
reasonably imminent. 

Still other possibilities for the long- 
range future are oil from oil shale, of 
which there are large deposits in the 
western states, and oil from tar sands, 
of which there are tremendous deposits 
in Canada. For supplying areas where 
transportation costs are favorable, both 
of these may come into use at about the 
same time the coal processes do, but 
both the location and the size of the 
coal and lignite deposits are such as to 
make them appear to be the most likely 
major sources of petroleum if and when 
crude petroleum becomes scarce. 


Technology May Find Other Sources 


While our coal deposits could supply 
us with abundant liquid fuel for more 
than a thousand years, it is quite Pos 
sible that even before our petroleum ¢e 
posits are exhausted, and certainly be- 
fore we use up much of our coal, still 

® CONTINUED ON PAGE 17% 
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eur ult HE threat of a disastrous production stoppage! 


But Flori ingenuity saved the day... 


Only a few tiny heat transfer coils needed but specifi- 
cations presented the impossible: 


Large surface, close bends for small area, 
extremely light weight, yet great strength. 


Solution: Flori craftsman reinforced the bends with an 
alloy metal coating, fused on by acetylene flame. 


Whether your fabrication ‘‘headaches” are measured in 
inches or yards, bring them to Flori. We're. specialists 
at curing the worst ones in a hurry. 





THE FLORI PIPE COMPANY © ST. LOUIS 15 * CHICAGO 47 
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THE MONTH IN THE INDUSTRY 


y petroleum refining industry’s history-long record of satisfactory management- 
worker relations was rudely shattered when workers in 48 plants under the leader- 
ship of CIO unionists walked out to enforce a wage demand. Conferences failed to 


stem the tide of closing plants and lead to an unprecedented seizure of the plants 


by the government (story below). 


Striking refineries reduced crude runs to stills to a new low for the year, at 


3,409,000 barrels daily for the week ending October 6. Efforts of state production 
monitors to hold output in approximation of the decline in crude-oil demand were 
only partially successful, but additions to crude-oil stocks were hot serious. Gasoline 


stocks were drawn upon during the strike, as were reserves of residual fuel oil, the 


latter in a season of normal additions. 


The Senate’s special petroleum investigating committee resumed its investigation 
(see page 160) and was told that most important reserve is not the oil in the ground, 
but technology which will make that oil go further and will combat the rising costs 
of producing products which will develop as world supplies dwindle. 

A revised Anglo-American petroleum agreement was agreed upon in London in 
record time for such conferences. Secretary Ickes released the text, showing that 
objections of the American industry had been removed. The agreemnt now is up 


to the Senate. 


PAW bowed out of the field of demand forecasts with an estimate that a daily 
crude-oil production of 4,464,400 barrels would be required through October—a 
decline of 108,500 barrels from the estimated September requirement—but the esti- 
mate lost much of its force as the Texas Railroad Commission ordered a sharp 
cut-back in output and Operations in other states began to slow down as stocks 


piled up. 

Criticism of RFC’s decision to dis- 
continue operation of the government- 
owned pipe lines before the end of the 
year brought about a _ reconsideration 
which lead to suspension of the order 
pending a thorough investigation of the 
situation and the possible uses to which 
the lines, particularly the Big-Inch, 
could be put in the peacetime economy. 
Objection to RFC’s action was especially 
loud in Congress where, too, a move is 
under way to halt disposal of any of 
government-owned grain alcohol plants 
until it can be determined whether their 
permanent operation would be beneficial 
to agriculture, 

The Department of Justice is revealed 
to be interested again in the oil situation 
and to be considering a suggestion to 
the industry that it revise some of its 
marketing practices which give an edge 
to exclusive dealers. The department 
also is said to be hopeful that the Big- 
Inch pipe line will be taken over by 
interests not connected with the in- 
dustry, to be operated as a common 
carrier. 


Delayed Expenditure in 
Refining Is $15,000,000 


Of the $20,000,000 construction total 
announced by Standard Oil Company of 
California, $15,000,000 will be in refin- 
ing. This item according to H. D. 
Collier, president, represents delayed 
expenditures, since the improvements 
had to be postponed because of the war. 
The total does not include contemplated 
shipping facilities, which are calculated 
to reach $13,000,000 

“The largest part of these delayed 
expenditures,” to quote from the press 
release, “will be at the Richmond and 
El Segundo refineries, where approxi- 
mately $15,000,000 will be expended. In- 
cluded in this latter amount is nearly 
$2,000,000 for expansion of the Richmond 
laboratories and piants of California Re- 
search Corporation, Standard subsidiary. 


166 


Government Seizure Halts Oil Refining 
Industry's First Serious Labor Crisis 


Seizure on October 4 by the Navy 
under executive order from President 
Truman ended, and left far from settled, 
a strike of workers in refineries and pipe 
lines which had started September 16. 
The President ordered the Navy to seize 
and operate 49 refineries and 3 pipe lines 
listed as on strike, involving about 36,000 
refinery workers and nearly 1,500,000 
barrels of refining capacity. In addition, 
other plants were closed by pickets from 
the striking union in the Middlewest 
area, and other thousands of transporta- 
tion and distribution workers were made 
idle by cutting off of supplies. The 
public was seriously inconvenienced in 
several areas. 

In taking over, the Navy appointed 
managers of the refineries as its agents, 
union leaders ordered the men back to 
work, and operations were nearly back 
to normal as quickly as the cooled plants 
could again be put on stream. 


The strike had inception in demand 
of the Oil Workers International Union 
(CIO) that pending return to a 40-hour 
week (from wartime 48 hours) be ac- 
companied by no reduction in “take- 
home” pay (52 hours), or a flat increase 
of 30 percent. Also there was a demand 
for premium pay of 5 cents for the 3-11 
shift and 10 cents for the 11-7 shift. 

The oil strike was a manifestation of 
the general unrest in labor circles, and 
incidently terminated a long record of 
harmony between employers and work- 
ers in this industry. Never before had 
differences closed down operations | in 
widespread fashion. Washington labor 
agencies were being realigned in an 
effort to confront the general situation 
at the time the refinery strike was grow- 
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Chicago Rooms to Be 
Prorated for API 


A housing committee consisting 
of L. S. Wescoat, The Pure Oil | 
Company, chairman; Sheldon 
Clark, Sinclair Refining Company; 

L. Majewski, Deep Rock Oil 
Corporation; and A. W. Peake, 
Standard Oil Company (Indiana), 
has been appointed by W. R. 
Boyd, Jr., president of American 
Petroleum Institute-for the pur- 
pose of allocating hotel reserva- | 
tions for the November 12-15 an- | 
nual meeting of API in Chicago. | 
Proration of rooms became neces- | 
sary when it was seen that the | 
Chicago hotel situation during the | 
period would be exceedingly tight. | 

Boyd asks that reservations be 


















addressed to one’s preferred hotel, 
pointing out that all requests would 
be screened by the committee. 



















ing in intensity. This left the govern- 
ment even less potent as a conciliator 
when a conference to bring union repre- 
sentatives and oil-company management 
together at Chicago was called by Edgar 
L. Warren, ‘chief of the reorganized 
conciliation service. Judge * William L. 
Knaus of Colorado was chairman of this 
meeting under Washington appointment. 


Most of the industry representatives 
at Chicago were there as “observers.” In- 
temperate remarks, claims and counter- 
claims which usually attend such gather- 
ings left the principals and the public in 
confusion. But it was developed that the 
union was adamant in its wage demand, 
and also wanted a closed shop and an 
industry-wide agreement, The companies 
were as firm in their opposition on all 
points, and particularly was opposed 
to industry-wide agreements. Also they 
questioned union integrity, as many 
plants were struck in violation of exist- 
ing contracts. 


In an effort to break the Chicago 
deadlock, Secretary of Labor Lewis 
Schwellenbach ordered the negotiations 
moved to Washington, where he pet- 
sonally insisted the strike should be 
ended. Schwellenbach recommended that 
the plants be opened ‘on the current 
hour and wage schedules; that the 40- 
hour week be reestablished as soon 4s 
practical in all plants, with an increase 
of 15 percent in wages, and that an 
arbitor be used for further negotiations. 
This proposal was accepted by the union, 
and rejected by the companies. 

“Standard Oil” was brought into the 
controversy as the object of its crusade 
by O. A. Knight, president of the Oil 
Workers International Union, although 
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rue M\ontn... 


the list of plants involved includes only 
a few of affiliates of the “Standard 
group.” Explanation of this circumstance 
is seen partially in the statement of 
Eugene Holman, president of Standard 
Oil Company (New Jersey), in declining 
an invitation to the Chicago conference. 





These Plants Involved in 
Navy Strike Seizure 








Ashland Oil & Refining Company, Calletts- 
burg, Kentucky. 

The Atlantic Refining 
(Port Arthur), Texas. 

Chalmette Petroleum 
mette, Louisiana. 

Canton Refining Division, 

Cities Service Oil Company, 

Crown Central Petroleum 
Houston. 

Cities Service Oil 
Jersey. 

Elk Refining 
West Virginia. 

Gulf Oil Corporation, Port Arthur. 

Gulf Refining Company, Toledo. 

Humble Oil & Refining Company, Ingleside, 
Texas. 

Johnson Oil Supply Company, Gary, Indiana. 

Magnolia Petroleum Company, Beaumont. 

National Refining Company, Findlay, Ohio. 
— American Refining Corporation, Texas 
City. 

Petroleum 
Michigan. 

Phillips Petroleum Company, 
and Okmulgee. 

The Pure Oil Company, Cabin Creek, Mid- 
land, Smiths Bluff and Toledo. 

Republic Oil Refining Company, Texas City. 

Shell Oil Company, Houston. 

Sinclair Refining Company, Coffeyville, 
Corpus Christi, Kansas City, East Chicago, 
Fort Worth, Marcus Hook, Sand Springs, Sin- 
clair and Wellsville. 

Socony-Vacuum Oil Company, Augusta, East 
Chicago and Trenton. 

Southport Division of American-Liberty Oil 
Company, Texas City. 

The Standard Oil Company, Cleveland, Lima 
and Toledo, Ohio. 

Sun Oil Company, Toledo. (No strike at this 
plant; closed because of threats from pickets, 
according to company announcement.) 

The Texas Company, Houston, Port Arthur, 
Port Neches, West Tulsa, Lawrenceville and 
Lockport. 

Union Oil Company of 
and Wilmington. 

Pipe lines involved include Pan American 
Pipe Line Company, in Texas; Sinclair Refin- 
ing Company, all lines; and The Texas Pipe 
Line Company, in Southeast Texas, Illinois 
and Indiana. 


Company, Atreco 


Corporation, Chal- 
Canton, Ohio, 
East Chicago. 
Corporation, 
New 


Company, Linden, 


Corporation, Falling Rock, 


Specialties, Inc., Flat Rock, 


Kansas City 


California, Oleum 


Pointing- out that only a few hundred - 


of the 50,000 workers employed by his 
company’s affiliates are represented by 
the CIO, Holman said “our affiliate 
managements have been discussing with 
union representatives the upward adjust- 
ment of wage rates to minimize the 
effect of a shorter work week. In most 
cases agreements already have been 
worked out... which will result in an 
increase of wage rates of 15 percent. In 
the remaining cases, where working 
hours have not yet been reduced, discus- 
sions under existing agreements are pro- 
ceeding in an orderly manner.” 

Among the companies where discus- 
sions then were proceeding was Humble 
Oil & Refining Company whose refinery 
at Baytown was the only large plant left 
operating in the Houston- Beaumont- 
Texas City area. Announcements were 
made during the CIO strike that negotia- 
tions were underway at Baytown, but 
acceptance of the workers there of the 
15-percent adjustment had not been an- 
nounced. Humble’s plant at Ingleside, 
Pan American at Texas City, Atlantic at 
Port Arthur, Magnolia at Beaumont, and 
three plants of The.Standard Oil Com- 
pany (Ohio), were among the plants 
closed by the strike. Standard Oil Com- 
pany (Indiana’s) Whiting plant was em- 
barrassed by pickets. but the workers in 
the plant did not strike. 


DuBois Retires After 
41 Years With Monsanto 


Gaston F. DuBois, vice president and 
member of the executive committee of 
Monsanto Chemical Company, St. Louis. 
has retired, terminating 41 years of 
service. He will continue as a director 
and also serve as consultant to the com- 
pany. 

DuBois, a native of Switzerland, where 
he received his education, supplemented 
in Germany. He joined Monsanto Chemi- 
cal Company in 1904, was production 
manager from 1913 to 1920, when he 
became vice president ‘and _ technical 
director. He was named vice president 
in charge of research and development 
in 1930, and a member of the executive 
committee in 1939. 

He was awarded the Perkin Medal in 
1943. 


Ethyl Corporation Makes 
Changes in Research Staft 


John B. Macauley has been appointed 
director of engineering research for 
Ethyl Corporation to succeed Earl Bar- 
tholomew, who becomes general man- 
ager of research laboratories, it is an- 
nounced. Macauley has been chief of 
applied research for Pratt and Whitney 
Aircraft for the past two years and for 
many years was chief of the engine 
laboratory of Chrysler Corporation. He 
attended the University of Illinois and 
served in France in the first World 
War in the Marine Aviation Force. After 
an association of a year and a half asa 
sales engineer with American Brake 
Shoe Company, he joined the engineer- 
ing department of Maxwell Motor Cor- 
poration in May, 1923, later absorbed by 
Chrysler Corporation. During most of 
his 20 years with Chrysler he was chief 
of the engine laboratory. He is a mem- 
ber of the American Society of. Mechani- 
cal Engineers, the Society of Automotive 


JOHN B. MACAULEY 


Crude Oil Runs to Stills, Production of Refined Products, and Stocks for the Four-Week 


Period Ending September 29, 1945 


(Figures, in thousands of barrels of 42 U. S. gallons each, based on reports of American Petroleum Institute. Production and stocks include reported 
totals plus estimated amounts to make these figures on a Bureau of Mines Basis) 








Stocks at Refineries Terminals and in 


| 

Crude de Oil 
| | Runs to Stills oe ae 
| ; Daily 

Average 
Produc- 


tion 


os enna ——})- —— " Finished Z 


and Un- 
Residual | finished 
Fuel Oil 


Gasoline 


Capacity | , | Percent 
Percent 


Reporting 


and Dist. 


| and Dist. 
Fuel Oil 


Fuel Oil 


7,418 | 858 3,988 5,532 6,163 

194 243 | 466 | 
35 | 127 7 36 | 214 
77 2,527 2,794 3,282 
1/426 1,291 
468 38 984 
89.3 4,987 7 5,217 
96.8 : 8 1,045 
55.9 ‘ Q 04 | | ‘50 ; 273 
17.1 90 35 
72.1 1,425 | 688 
87.3 9/568 12'913 10,281 | 25,787 


79,552 46,853 
84,218 42,927 
76,908 64,256 


| 
Daily Operat- | 
DISTRICT Average ing | Gasoline* | Kerosine | 
East Coast 
Appalachian District 1 
A hian District 2 } 
Indiana-Illinois-Kentucky 
Ok Kansas- Missouri 


Kerosine | 





99.5 
76.8 
81.2 
87.2 . 
78.3 33. 597 


7,788 
249 


Texas Gulf Coast... .. 
Louisiana Gulf Coast... 

North Louisiana-Arkansas..... 
Rocky Mountain Di#trict 3... 
Rocky Mountain District 4 
California. . . 


Total U. 8. Sept 29, 1945 
Total U. 8. Sept. 1, 1945.. 
Total U. 8, Sept. 30, 1944. 





— 


215,417% 


— 


215,169 








a 
56,182 | 6,014 43,689 
36,977 


43,592 


4,392 
4,957 
4,825 


85.8 
85.8 









































* Includes natural gasoline blended at refineries. t Bureau of Mines. t September 22, 1945. 


Petroleum Refiner—V ol. 24, No. 1 









































TC a a ae ca aE 





ji 
“| You’re certain of a job done right with 


for 
Bar- 


‘=| ARMSTRONG’S CONTRACT SERVICE 


t of 
itney 


a FOR HEAT INSULATION 


. He 
and 

Vorld 
After 
asa 

rake 
neer- 
Cor- 
ed by 
st of 
chief : s 
mem- LONGER LIFE for equipment is one of the 
a important advantages of correctly applied 
heat insulation. And you can be sure, when 

the job is done by Armstrong’s Contract 
Service, that it’s done right. Armstrong 


takes entire responsibility for every 





detail of planning, supervision, 
materials, and workmanship. You 
get the full benefit of Arm- 
strong’s long engineering ex- 
perience, materials of tested 
efficiency, and skilled instal- 
lation mechanics. For com- 
plete details, write today to 
Armstrong Cork Company, 
Building Materials 
Div., 7510 Concord 
St., Lancaster, Pa. 

















ol of the And ene life Ran a finished in aa wiasg 
Stockst 
ARMSTRONG’S INDUSTRIAL INSULATION 
i Complete Contract Service 
= For All Temperatures 
215,109 ‘okt ‘To 2600° 
222,398 alo " en Fahrenheit 
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EARL BARTHOLOMEW 


Engineers, American Society of Testing 
Materials, and American Association for 
Advance of Science, and from 1941 to 
1944 was chairman of the War Advisory 
Committee of the Coordinating Research 
Council. 

Bartholomew has been associated with 
Ethyl Corporation since 1926, serving 
since 1927 as director of engineering re- 
search. A graduate of University of 
Oklahoma where he received his B.A., 
B.S. and M.S. degrees, he taught me- 
chanical engineering at Oklahoma Uni- 
versity for one year and at Harvard 
University for three years. He is a 
member of the Society of Automotive 
Engineers, American Society of Testing 
Materials, and American Society of Me- 
chanical Engineers. 


Texas Company Makes 
Refinery Head Changes 


F. H. Holmes has been transferred 
from superintendent at Lockport refin- 
ery of The Texas Company to Port 
Arthur Works, where he will be gen- 
eral superintendent. 

D. P. Bailey, who has been general 
superintendent at Port Arthur, has been 
promoted to assistant works manager. 
F. L. Wallace remains as works man- 
ager at Port Arthur. 

Other changes involved in the pro- 
motions brought L. V. Phillips to Lock- 
port as superintendent from the Lawr- 
enceville plant, where he held a similar 
position. F. M. Dawson, who has been 
refinery superintendent in Argentina, 
has been named superintendent at Lawr- 
enceville. 

Holmes; who was born in Port 
Arthur, has been with The Texas Com- 
pany since 1927 and in its refining 
department since 1930. He has been 
superintendent at the San Antonio plant, 
superintendent of terminals on the At- 
lantic seaboard, and had foreign assign- 
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ments prior to his assignment at Lock- 
port. 

Bailey, also with the company since 
1927, has supervisory experience in this 
country and in’ Franée prior to ‘be- 
coming general superintendent at Port 
Arthur in 1943. 

Phillips began his career with the 
company by working during summer 
vacations at Port Arthur. Following his 
college career he became a regular em+ 
ployee in 1923. He was assistant general 
superintendent at Port Arthur prior to 
his transfer to Lawrenceville. 

Dawson, who was born in Houston, 
began working with the company in 


1927 and has been permanently employed 


since 1927. He held a number of super- 
visory posts previous to the recent as- 
signment. 


Humble Leases Ordnance 
Works from Government 


Humble Oil & Refining Company has 
leased the Baytown, Texas, Ordnance 
Works, which adjoins its Baytown re- 
finery, from the government. The lease 
is for an interim period, not to exceed 
90 days, during which the company will 
use the ordnance works’ facilities while 
final disposition of the plant is being 
determined. 

Until recent months, this plant pro- 
duced substantially more than half the 
toluene for high explosives used by the 
United Nations. Completed in 1941, the 
first shipment of the finished product 
was made 47 days before Pearl Harbor. 
It was designed to produce toluene at 
the rate of 30 million gallons yearly, but 
by September, 1942, the production rate 
was double that amount. 

Continental Oil Company has leased 
the government-owned 100-octane plant 
erected in connection with the com- 
pany’s facilities at Ponca City, Okla- 
homa, and will operate it pending a 
long-term lease or purchase. 

The government has advertised for 
bids on the Big-Inch and Little Big-Inch 
pipe lines from Texas to New York, 
along with less important lines built 
with federal funds during the war 
period. 

Reconstruction Finance Corporation 
also is seeking bids for sale or lease of 
eight chemical plants built to produce 
ammonia for the war. Among the plants 
offered at Ozark Chemical Corporation, 
El Dorado, Arkansas, operated by Lion 
Chemical Corporation; Cactus Ordnance 
Works, Dumas, Texas, operated by Shell 
Chemical Company, and a plant at Lake 
Charles, Louisiana, operated by Mathie- 
son Alkali Works, Inc. 


Cowles Heads Shell Gas- 
Gasoline Tulsa Division 


James W. Cowles has been appointed 
manager of the natural gas and natural 
gasoline division of Shell Oil Company, 
for that company’s Mid-Continent area. 
He succeeds B. R. Carney who resigned 
some time ago. 

Cowles has been with the division for 
the past 21 years. As a lawyer he spent 
years in the Department of the Interior 
with the Five Civilized Tribes, and was 
with Oklahoma Petroleum & Gasoline 
Company and Skelly Oil Company be- 
fore going with Shell Oil Company. 

In 1938 he was given the Hanlon 
Award for his work and service to the 
industry in bringing to it a standardized 
and simplified form of gas contract. 


NPA Hears Discussion 
Of What Government Wants 


What government may expect from 
the petroleum industry. cartie, before the 
meeting of the National Petroleum: As. 
sociation in Atlantic City, September 29 
and 21. in considering “Government and 
the Petroleum Industry,” with Senator 
Joseph C. O’Mahoney, chairman of a 
senate committee, which is investigating 
petroleum. resources. Senator O’ Mahoney 
stressed the obligations of industry ip 
maintaining high wage scales and re 
duced hours of work. He based his re” 
marks on the proposition that people ig 
many lands are losing confidence ig 
private industry and he warned that it 
would be disastrous to lose ground, says) 
ing: 

“It is a mistake for any industry to 
imagine it can serve the interests of 
capitalist economy by labor policies 
which result in low wages and long 
hours. Whenever you cut wages you 
cut profits because you cut purchasing 
power.” 

The annual program was in the nature 
of a series of discussions and Senator 
O’Mahoney was questioned concerning’ 
the attitude of government towel 
profits, which will permit higher wages 
and shorter hours. 

As leader of the discussion on futurg 
refining techniques, Gustav Egloff, Unk 
versal Oil Products Company, singled 
out the trend toward providing raw 
materials of the pure hydrocarbon type 
as a means of arriving at higher quality 
finished materials. He credited catalytic 
cracking with the inherent quality of 
increasing the number of useful prod 
ucts from petroleum. 

Dr. William C. Schroeder, United 
States Bureau of Mines, in his report on 
German synthetic processes, said that 8 
percent of the aviation motor fuel used 
by the German army was produced by 
hydrogenation of ground coal. 

The program for the two-day meeting 
included: 

Government and the Petroleum In- 
dustry, discussion led by Senator Josep 
C. O’Mahoney. 


JAMES W. COWLES 
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leum and refrigergfion industries. 
Ahead ate oppgftunities for even 
greater use ss for synthesis in the 
plastic, dygfTesin and other industries 
built oporganic chemical processes. 

Ogfanizations whose research, 

Bcess planning or manufacturing 


" programs utilize Anhydrous HF—or 


General Chemical Technical 

Service Bulletin 30-A, ‘‘Hydro- 

fluoric Acid, Anhydrous and 

Aqueous,” presents many im- 

portant original data. It con 

tains 24 pages of curves, charts, 
bibliography, etc., with special emphasis 

on the physical and chemical properties of 
Anhydrous HF and its use in organic syn- 
theses. Copies may be obtained from the 
nearest. General Chemical Sales and Techni- 
cal Service Office below, or General Chemical 
Company, Fluorine Division, Dept PR-10, 
40 Rector Street, New York 6, N. Y. 


GENERAL CHEMICAL COMPANY 
40 RECTOR STREET, NEW. YORK 6, N.Y. 


Sales and Technical Service Offices: Atlanta * Baltimore * Boston * 
(Conn ) * Buffalo * Charlotte (N. C.) * Chicago * Cleveland ¢ 
Detroit * Houston * Kansas City * Los Angeles * Minneapolis ¢ eg 8 





GENERAL CHEMICAL Philadelphia « Pittsburgh * Providence (R. 1.) * San Prancisco * 


. Lous * Utica {N Y.) * Wenatchee * Yakima (Wash.)... 
In Wisconsin. General Chemical Wisconsin Corp., Milwaukee, Wis, 
tn Canada: The Nichols Chemical Company, Limited + Montreal « Toronto + Vancouver 








YARWAY STRAINERS are selling by the 
thousands because they are better engi- 
neered for the service. 

“The Screen is the Thing” —a high-grade, 
woven Monel wire screen that stops the 
airt, lets fluids flow freely. 

Then, too, purchasers like the body finish 
—Cadmium plating inside and out for 
protection against corrosion. <3 
And last but not least, it is “Easy to Clean” 


having a steel blow-off bushing, precision 
machined with straight thread. Screen and 
bushing come out together—go back to- 
gether, automatically aligning. 


Six sizes, 4" to 2” for pressures up to 
600 lb serve practically all strainer needs. 


Sold by over 100 Mill Supply Houses. See 
your Supply House or write for Bulletin 
S-200. 


YARNALL-WARING COMPANY 


128 Mermaid Avenue PHILADELPHIA 18, PA. 








YAR WAY STRAINERS 
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Labor Policy for Industry, discussion 
lead by Vincent P. Ahearn, industry 
member, National War Labor Board. 

Short and Long Term Economic 
Trends, discussion led by A. M. Me. 
Intosh, Socony-Vacuum Oil Company. 

Prewar, Wartime and Postwar Army- 
Navy Petroleum Requirements, discus- 
sion led by Rear Admiral A. F. Carter, 

A look at, Future Refining Techniques, 
discussion led by Gustav Egloff, Uni- 
versal Oil Products Company. 

German Synthetic Fuel and Lube 
Processes, discussion led by Dr. "William 
C. Schroeder, United States Bureau of 
Mines. 

Postwar Taxation, discussion led by 
H. E. Humphreys, Jr., United States 
Rubber Company. 


New Anglo-American Oil 
Pact Agreement Reached 


A revised Anglo-American petroleum 
agreement was signed in London Sep- 
tember 24.by Secretary of the Interior 
Harold .L; Ickes for the United States 
and, Emanuel Shinwell, minister of fuel 
and power, for the United Kingdom. 

Complete accord on the agreement, 
which is to be substituted for the com- 
pact signed in Washington August 8, 
1944, was reached in less than a week 













































after the current negotiations started. Clas 
The revised agreement, which will go sta; 
to the Senate shortly for ratification, Mot. 






embodies the changes demanded in the 
original treaty by the American oil in- 
dustry and bears only slight resemblance 
to the pact sent to the Senate in August, 
1944, and later withdrawn. 

It was set forth in the preamble that 
the agreement is a preliminary to the 
calling of an international conference to 
consider a multilateral agreement. 

Reference is omitted to the develop- 
ment of resources so as to encourage 
economic advancement of backward 
countries in favor of a simple statement 
that adequate supplies of petroleum 
should be accessible to all countries on 
a competitive and nondiscriminatory 
basis but that the interests of producing 
countries should be safeguarded with a 
view to their economic advancement. 


Jefferson Chemical to Build 
Plant at Port Neches 


Jefferson Chemical Company will erect 
a large chemical plant on part of a tract 
of 1091 acres of land east of and adjacent 
to The Texas Company’s asphalt and 
roofing plant at Port Neches, Texas. 
Products to be made in the new plant 
will include intermediate chemicals for 
the manufacture of synthetic rubber, 
plastics, textiles, and other materials 
from petroleum and petroleum gases, tt 
was announced. Jefferson Chemical Com- 
pany is jointly owned by American 
Cyanamid Company and The Texas 
Company. 

At the same time it was announced 
that American Cyanamid Company 15 
consummating purchase of 900 acres 
immediately east of the Jefferson sit¢, 








































































































with 2500 feet fronting on the Neches § % 
River, and will erect a chemical plant 
utilizing some of the products manufac- tom 





tured by Jefferson Chemical Company. 
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The chief engineer greeted the Ingersoll-Rand man. “John,” 
he said, “I’ve got a tough problem. We are building a pilot 
plant to test a new process. It will operate at one percent 
of the capacity, but with the actual pressures and tempera- 
tures required for the proposed final plant. I need a pump 
to deliver 10 gal per min at 30 pounds suction pressure and 
300 pounds discharge. Have’ you anything that will do it?” 








“Sounds like a Motorpump job to me,” said the I-R man. 


“Jumping catfish!’’, exclaimed the engineer, “can these 
Motorpumps do everything? I have about 40 of them 
around here now.” . 


Well, to make a long story short, it was a Motorpump 
job—a job for a size 1-MRVH-10, a compact 4-stage 
Motorpump requiring less than 1% sq ft of floor space 
and standing 37 inches high. 








There is a complete line of Motorpumps, and also a large 
number of standard modifications which make them suit- 
able for many special jobs. They are available in sizes to 
handle up to 1800 gal per min; total heads up to 600 ft. 





Let the Ingersoll-Rand engineer give you complete 


MOTO UMP details. Ask him also to leave a copy of Bulletin 7093, 
which gives complete performance data, descriptions, etc. 


Ingersoll-Rand 


9-710 CAMERON PUMP DIVISION 
COMPRESSORS + AIR TOOLS + ROCK DRILLS + TURBO BLOWERS + CONDENSERS + CENTRIFUGAL PUMPS » OI AND GAS ENGINES 
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OPERATION 


Saves time and labor with 


No helper is needed with a Roto Tube 

Cleaner. One man can handle a tube R T 0 
cleaning job by himself with the con- 

venient Roto Operating Air Valve on the TU Re 


CLEANERS 





Roto One-Man operated Tube Cleaners 
will help you to step up the productive 
capacity of your plant with a smaller 
expenditure of time, labor and air, by 
cleaning your tubes thoroughly much 
faster than with former types of cleaners. 


Roto Tube Cleaners are available for all 





sizes and shapes of tubes, for operation 





with air, steam or water. Send for details. 


Roto Model 135 air-driven motor 
with swing-frame head and air 
valve for one-man operation. 









ROT O Division of 
Elliott Company 


145 Sussex Ave. Newark 1, N. J. 
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Land and foundation surveys have been 
completed. 

“The Port Neches site was selected,” 
said H. L. Derby, president of Jeffer. 
son Chemical Company, “primarily be- 
cause of its proximity to The Texas 
Company’s Port Arthur refinery, which 
will supply raw materials to the plant in 
the form of refinery gases. Other factors 
influencing the choice were the excellent 
facilities at Port Neches for water and 
land transportation, the availability of 
labor in the area, a ready supply of fresh 
water, power, and fuel gas, and excellent 
waterfront facilities. 

“The plant comprises the first unit of 
what will ultimately be a very large 
operation. At the peak of construction 
about 850 people will be employed, and 
the completed plant will employ about 
150 men and women. We expect to break 
ground in November or December of 
this year, and construction will take 
about one year.” 


California Standard Will 
Build Oregon Asphalt Plant 


California Asphalt Corporation, new 
subsidiary of Standard Oil Company of 
California, has announced plans for im- 
mediate construction of an asphalt refin- 
ing plant at Willbridge (Portland), Ore- 
gon. Capacity will be between 4000 and 
5000 barrels per day, and crude oil 
supply will come from California oil 
fields by tanker. 

Officers of California Asphalt Cor- 
poration include H. B. Fairchild, presi- 
dent; H. R. Cuyler and J. A. Blood, vice 
presidents; A. P. O’Kane, secretary; 
H. D. Armstrong, treasurer, and C. E. 
Finney, Jr., E. V. Burns, L. M. Bussert 
and E. J. Timmons, directors. 


Magruder Manager General 


Petroleum Manufacturing 

P. S. Maeruder has been elected to 
the board of directors and appointed 
manager of the manufacturing depart- 
ment of General Petroleum Corporation, 
Los Angeles, a promotion from assistant 
manager. He succeeds R. C. Wheeler, 
who died August 19. Magruder has been 
with the company since 1925, and came 
up through the gas department. 


Subject Headings for 
Chemistry Libraries 


Special Libraries Association, 31 East 
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Tenth Street, New York 3, has pub- fo 
lished “A List of Subject Headings for ra 
Chemistry Libraries” (64 pages, price tiv 
$1.50, from the association). It was 

compiled by a committee of the chemis- rei 
try section of the association’s tech- ter 
nology group under chairmanship 0! ap 
Mrs. Grace R. Cameron, chemistry li- ch 
brarian at Louisiana State University. > 





This list of subject headings was 
compiled for use in assigning subject 
headings to the entries in a catalog 
of books, pamphlets and otker literature 
in a chemical library. General or maif 
headings are used which can be e& 
panded as needed. Subdivisions whi 
may be used under general headings 
also are given, and examples of ex 
pansions for specialized fields are im 
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It takes more ee self-assurance to ride a surfboard: 






































































































client | When a boiling sea hurls board aud rider from) 
ve breaker to breaker at breakneck balance is too 
fresh slow. You've got to have INSTIN BALAN It's the only 
ellent balance that’s quick enough to start working the very instant of 
te a disturbance and accurate enough to add just the precise amount 
asi of extra-corrective action to restore balance quickly, smoothly ... 
ction without disastrous upset. 
|, and ' 
ae INSTINCTIVE BALANCE is the number of today’s exacting 
o a most important improvement processes. 
take made in process control. This 
advance beyond mere instru- 
ment responsiveness is the par- 
; ticular function of HYPER-RE- 
an j 
nev | velopment. The difference curve Number Two makes a 
ny of makes in process stabilization is. sharp contrast witht Sie a 
r im- dramatically illustrated in the process mI ys ‘curve. 
a following two characteristic ahpwe hows one enpath- 
Ore- g ly the HYPER- RESET function 
» ane process control curves: measures the requirementsofthe 
: oa same process and instantly sup- 99° 
plies them with a precisely aug- 
Cor- ‘ mented corrective action. This 
on added corrective action is not a 
soni separate action but simultane-. 
C2 ous with the standard correction 
ssert Curve Number One shows the... reducing recovery time to as 
best stabilization possible for little as % the usual time. 
oral one typical process, before the We'll be glad to mail you illus- 
development of HYPER-RESET. trated Booklet A330 describing 
The longer recovery time, which the Stabilog Controller with 
(| may beperfectly satisfactory for HYPER-RESET. Write: The 
part: less critical processes, can re- Foxboro Company, 74 Neponset 
ition, sult in serious quality variations Avenue, Foxboro, Mass.. U.S. A. 
st _ - and production wastesinalarge Branches in principal cities. 
peier, 
been 
came 
Why HYPER-RESET Saves 
a Needless, Extra Adjustment 
With a HYPER-RESET Stabilog Con- amount of rate-sensitive action required! 
Fast troller, only one adjustment is required Both research and field experience 
oul for accurate selection of both the reset have demonstrated that the rate-sensi- 
. ton rate and the rate-sensitive, extra-correc- tive adjustment, as well as the reset, . 
nei tive function. must be matched to the process; and that o— 
wan It has been well established that the a definite relationship exists between e 
-mis- response characteristics of a process de- any given reset value and the corre- p : 
tech- termine how much correction can be sponding rate-sensitive value for best ( 
> of applied, and how fast. It is the time recovery. Se 
v lie characteristic which determines the reset These two values are combined as a ‘a 
ty. adjustment. And it is this self-same time single adjustment in the Foxboro HYPER- f 
was characteristic which also establishes the RESET Stabilog Controller. ta 
bject 
talog 
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As SIMPLE 
relate, POSITIVE 
as a Water Wheel 


That’s the reason 
for the LOW COST 
and ACCURACY of the 


DSCO porary conpensation METER 


‘ 
Wuenever it is possible to collect the condensate’ from 
heating or processing lines in a building or department, you 
can measure your steam consumption accurately with inexpen- 
sive ADSCO Rotary Condensation Meters. 


These low priced meters detect steam losses and are as posi- 
tive as a water wheel — so accurate that the slightest trickle of 
condensate is recorded on direct reading counters. 


Tell us the maximum pounds 
of condensate per hour or the 
square feet of equivalent direct ADSCO 


ry ona: FLOW METER 
radiation in the building or de- 
For measuring 


partment to be metered and we the flow of 
stc«m, water, air 


o ow surprisingly or as, no other 
will tell _— h P 8" meter is so sim- 


little it will cost to put your steam ple or rugged. 
1 Recommended 
consumption on a sound account- where a 24 hour 
visual chart rec- 


ing basis. Ask for Bulletin 35-80 ord of fiow, an 


indication of the 

and No. 35-83R. ressure and a 
otalization of 
the flow through 
the line is de- 
sired. 


AMERICAN [)ISTRICT STEAM COMPANY 


NORTH TONAWANDA NEW YORK 


of UP.TO-DATE Steam Line Equipment For Over 65 





Oil for Future 





® CONTINUED FROM PAGE 16 








other and cheaper sources of power will 
be developed. Our technologists have 
not lost their magic touch. They are 
hard at work in many fields and no may 
can tell what the next 25 years will 
bring forth. 


Atomic Power 


1 am glad that this testimony was 

stponed from last July because I had 
een officially requested to omit even 
passing mention of atomic power as one 
of the technical possibilities for the fu. 
ture. While its practical application must 
be preceded by much expensive research 
and development, and the economics 
might never justify the building of new 
plants to make the raw materials for 
atomic power, it seems quite possible 
that the next decade may see commer- 
cial applications of power development 
in large units from raw materials made 
in our present plants, God granting that 
they be not needed for military pur- 
poses. In such large units the necessary 
control equipment and heavy protective 
devices to shield the operators from the 
various radiations could probably be in 
stalled without disproportionate cost. I 
do not believe there is a_ reasonable 
probability of atomic power ever being 
used to run automobiles, though no 
scientist would say such a thing was 
impossible, especially after noting the 
amazing achievements of science during 
the war. 

In any case the possibility of atomic 
energy becoming an important source 
of power certainly cannot be disregard- 
ed. It is one more reason why we should 
not insist on a sharply limited use of 
existing resources when the rapid pace 
of technical development might con- 
ceivably_make such resources less need- 
ed in the future than they are today. 


Technology Our Real Reserve 


To summarize, the one point I want 
to emphasize to this Committee is that 
our most important reserve does not 
consist of the number of barrels of ail 
that we can point to in the ground, but 
rather of research and technology sup 
ported by a healthy and vigorous indus 
try. Technology is the indispensable 
finder, developer, and multiplier of our 
natural resources, and given a faif 
chance will accomplish even more @ 
the future than it has in the past. The 
most essential element of national 0 
policy is to leave the industry free t 
develop on a tried and proven basis, and 
to shun the adoption of measures whic 
would attempt to regiment research, de 
stroy the incentives to invention, or pre 
vent the free play of competitive enter 
prise . 


Standard of Indiana . 
Enlarging at Sugar Creek 


Standard Oil Company (Indiana) has 
started work on new facilities at 
Sugar Creek, Missouri, plant, which wW 
include fluid catalytic cracking equi> 
ment. 

Research and technical service labo 


‘)*fatories and quarters for the engineering 


staff are to be amply provided, it w# 
said. 
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PETRO-CHEM !SO-FLOW* FURNACES are unlimited in SIZE...CAPACITY...DUTY 





a 


eed 
iaccoumme® = : 
a new idea five years ago... today 


acceptance [iaeieknneaaees 





countries ...Potro-Chom Iso-Flow* Furnaces 
have unusuclly fine records of 
performance and their dependability 
is boing demonstrated daily... 
more than 235 are now in Petroleum 
Refining or Petro-Chemical 
Service. Investigate the 
Petro-Chem Iso-Flow Furnace 

\ next time furnaces are being considered. 


— 
- 





*Trade mark, patents issued and pending. 
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REPRESENTATIVES : Bethlehem Supply Co., Tulsa, Houston, Los Angeles « D.D. Foster Co., Pittsburgh «+ Faville-Levally Corp., Chicago 
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SCIENCE AND TECHNOLOGY|* 
ABSTRACTS ! 


prepared in cooperation with 
PETROLEUM REFINER 
by 


THE LESLIE LABORATORIES 
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Fundamental Physical and Chemical Data 





Measurement of the Thermal Conduc- 
. tivity of Liquids. E. Hutcuinson. Trans. 
Faraday Soc. 41 (1945) pp. 87-90. 


Heat was supplied electrically from a 
“coiled coil” tungsten filament approxi- 
mately 7 cm. long placed axially in a 
cylindrical tube of uniform 1 cm. bore, 
which tube contains the liquid under 
study. Heating currents were very small 
and of the order of 10° amperes. The 
apparatus was immersed in a thermostat 
to main constant temperature on the 
outer wall of the glass tube. The tem- 
perature of the filament was determined 
by its resistance. Temperature differ- 
ences across the liquid column were of 
the order of 1° C. or less. Convection 
was negligible. Small quantities of liquid 
were required for this determination and 
the time necessary for the establishment 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal and 
Dearborn Streets, Chicago 16, IIli- 
nois, has received urgent requests 
for the chemicals listed below. If 
anyone has one or more, even if 
only one gram quantities, please 
inform the Registry. 


3-Phenyl indole 

2-Phenyl indole 

Di-n-propyl formal 

Bromacetone 

gamma Brombutyric acid 

gamma Chlorbutyric acid 

2-Methyl-1,3-dioxolane 

Succinic dialdehyde 

any Methyl heptane (500 g) 

2,2-3,3-Tetramethyl butane (500 g) 

3-Ethyl hexane (500 g) 

any Methylethylpentane (500 g) 

Propyl cyclohexane (500 g) 

Isopropyl cyclohexane (500 g) 

Tetramethyl cyclopentane (500 g) 

Butyl cyclopentane (500 g) 

any Diethyl cyclopentane (500 g) 

any Methylpropy! cyclopentane 
(500 g) 

any Methyl isopropyl cyclopentane 
(500 g) 

any Diethyl cyclopentane (500 g) 

any Methyl octane (500 g) 

any Ethyl heptane (500 g) 














of thermal equilibrium was of the order 
of 1-2 minutes. Results obtained for 7 
common liquids agree within 3% with 
the most reliable available data. 


Heat Capacity, Heat of Solution, and 
Crystallinity of Polythene. H. C. Raine, 
R. B. Ricwarps, AND H. Ryper. Trans. 
Faraday Soc. 41 (1945) pp. 56-64. 


The specific heats of a sample of 
polythene over the temperature range 
20-165° C. gave values of 0.55 at 20° C., 
1.0 at 90°, and 2.0 at 110°. The results 
indicate a disordering of the structure 
of the solid beginning below 50° and be- 
coming increasingly marked as the tem- 
perature is raised, and culminating in a 
relatively sharp change to a liquid struc- 
ture at about 115° C. A comparison with 
the heat of fusion of entirely crystalline 
paraffin indicates that at room tempera- 
ture the polythene sample was approxi- 
mately 75% crystalline. 


Effect of Temperature on the Density 
of Polythene. E. Hunter anno W. G. 
Oakes. Trans. Faraday Soc. 41 (1945) pp. 
49-56. 


The densities of polythene, that is, the 
very long chain hydrocarbons obtained 
from the high-pressure polymerization of 
ethylene, were determined by a flotation 
method at room temperature and be- 
tween 0° and 170° C. in standard dila- 
tometers of the weight thermometer type 
with mercury used as the filling liquid. 
The thermal expansion was determined 
between —178° and 30°. It was shown 
that 55% of the specimen was crystalline 


at room temperature and remained um 
changed up to about 70°, but thereafter 
fell rapidly until the sample was com 
pletely amorphous at a temperature be 
tween 100° and 120° depending on t 

nature of the specimen. The density 

melted polythene was dependent in some 
measure On the average molecular weight 
but the temperature at which crystalline 
material first appears on cooling was 
raised by increase in molecular weight 
The density of the liquid became con 
stant fairly rapidly after a change of 
temperature. However, at temperatures) 
between 60° and 120° at least one he 
was required. Below 60° a_ constant 
value was reached within a few hours. 


Heats of Polymerization. I. An Iso- 
thermal Calorimeter and Its Application 
to Methyl Methacrylate. Jour. Amer. 
Chem. Soc. 67 (1945) pp. 1278-81. 


A knowledge of heats of polymeriza- 
tion is important to an understanding 
of the mechanism of polymer-forming 
processes, but few quantitative data 
have been published. The literature of 
the subject is briefly reviewed. A calo 
rimeter and technique are described that 
have been found well adapted to thé 
determination of heats of polymerization: 
The method utilizes the heat evol 
from the polymerization reaction 
evaporate a liquid that is in equilibriu 
with its own vapor at its boiling point 
The heat of polymerization of met 
methacrylate was measured and fout 
to be 13.0 + 0.2 k cal. per mole. 
value did not change with the temp 
ture or catalyst concentration within the 
limits investigated. The rate of poly 
merization as measured by the he 
evolution agrees with measurements ¢ 
other investigators using other expefr) 
mental methods. q 





Chemical Compositions and Reactions 





The Preparation of Cyclopentenes and 
Cyclopentanes. I. G. Crane, C. E. Boorp 
AND A. L. HENNE. Jour. Amer. Chem. 
Soc. 67 (1945) pp. 1237-39. 

In the course of a search for methods 
for the large scale preparation of mono- 
alkylcyclopentanes, three procedures 
were investigated: (1) the condensation 
of an allylic’chlorocyclopentene with a 
Grignard reagent to give an alkylcyclo- 
pentene that can be hydrogenated; (2) 
condensation of cyclopentanone with a 
Grignard reagent to yield an alkylcyclo- 


pentanol that can be dehydrated and 
then hydrogenated; (3) condensation © 
cyclopentadiene with a ketone to give 
a fulvene derivative followed by hydro 
genation of the latter. 1-Propyl-, 1-ise 
propyl-, 1l-allyl-, and 1-methallylcyclo- 
pentanol were prepared. The last two 
compounds are new. Their dehydration 
yielded the corresponding 1-alkylcyclo 
pentenes. Methyl-, ethyl-, n-propyl 
i-propyl-, n-butyl-, s-butyl-, isobutyl- 
and t-butylcyclopentenes were prepare¢. 
All excepting the first two are new. The 
alkylcyclopentenes and dimethylfulvent 
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HE HUDSON 


organization, qualified by years of ex- 
perience ‘in the successful design, 
construction and operation of major 
hydrocarbon processing plants, offers 
its specialized services for projects in 


any part of the world. 


zw ww 


REFINERY PROCESS PLANTS 


GAS COMPRESSOR STATIONS 


GAS LINE ABSORPTION PLANTS 


DISTILLATE RECOVERY PLANTS 


>. 


FRACTIONATION UNITS 


DEHYDRATION PLANTS 


NATURAL GASOLINE PLANTS 


DESULPHURIZATION PLANTS 
x wR WR 


Natural and mechanical draft towers 
are pre-fabricated of California red- 
wood in the Hudson cooling tower mill 


at Houston, Texas. 










































ELECTRICAL 
INSULATING 
MATERIALS 


EMPIRE 
Varnished Materials. 






MICANITE 


Mica in various combinations 
with other materials, including 
Fiberglas.* 


LAMICOID 


In various grades, including those 
used for instrument panels, Bake- 
lite-Fiberglas,* etc. 


LABEL ENGRAVING 
MATERIALS 


Black over white. 

White over black. 

Black over translucent. 

Black over translucent over red. 
SCARLET over white, etc. 


We have the production facilities 
to fabricate insulators from lam- 
inated phenolic sheets, rods and 
tubes and carry a large stock of 
these materials in Houston. 


GRAPHIC LAMICOID 


Flow charts, electrical wiring dia- 
grams, piping diagrams, etc., 
printed on the SECOND sheet of 
Laminated Phenolic, with a pro- 
tective first transparent sheet. 





* Fibergias—Trade-name Owens-Corning Fiber- 
glas Corp. 
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were hydrogenated to the corresponding 
alkylcyclopentanes. 


Vapor Phase Methylation of Aro- 
matic Hydrocarbons Over Solid Cata- 
lysts. W. M. Kutz anp B. B. Corson. 
Jour. Amer. Chem. Soc. 67 (1945) pp. 
1312-15. 


Benzene, toluene and naphthalene were 
methylated in vapor phase over solid 
catalysts. The methylating agents were 
methyl chloride and methyl bromide, and 
the catalysts were alumina, alumina- 
silica, and aluminum chloride-activated 
carbon. Methyl iodide was not found to 
be effective. Barium chloride-pumice, 
ferric chloride-Filtrol, ferrous chloride- 
activated carbon, and “solid” phosphoric 
acid did not catalyze the reaction. The 
experimental work and the apparatus 
used are described in some detail and 
the results are presented in tabular form. 


Cyclopropane Derivatives. I. Studies 
of the Photochemical arid Thermal 
Chlorination of Cyclopropane. J. D. 
Roperts AND P. H. Dirstrne. Jour Amer. 
Chem. Soc. 67 (1945) pp. 1281-83. 

The photochemical and thermal chlor- 


inations of cyclopropane were investi- 
gated to determine if they were practical 
for the preparation of cyclopropyl chlor. 
ide. Comparable yields of monohalide 
were obtained by both methods but the 
photochemical process was preferred be- 
cause the product from the thermal 
reaction was contaminated with allyl 
chloride. The experimental method and 
apparatus are described, and the results 
are presented in some detail in two 
tables. : 


Fluorinated Derivatives of Cyclo. 
pentene and Cyclopentane. A. L. Henne 
AND W. J. ZImMMERSCHIED. Jour. Amer. 
Chem. Soc. 67 (1945) pp. 1235-37. 


Octachlorocyclopentene was fluorinated 
as far as the hexafluoride cyclo-CsF,CL, 
in one operation. The structure of the 
latter compound was demonstrated to 
be CCI=CCICF,CF;CF by opening the 
ring to yield perfluoroglutaric acid. Halo- 
genation of the double bond of cyclo- 
CsF.Ch was found difficult, but chlorina- 
tion was performed quantitatively in 
untraviolet light, at 70° C. The resulting 
cyclo-CsCLF. resisted all attempts at 
further fluorination. 
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The Threshold Toxicity of Gasoline 
Vapor. P. Drrnxer, C. P. YAcLou, AND 
M. F. Warren. J. Ind. Hyg. Toxicol. 25 
(1943) pp. 225-32. 


Two kinds of gasoline were studied: a 
straight colorless gasoline and a light 
fraction separated from the commercial 
gasoline up to a temperature of 110° C. 
The experimental chamber and the ap- 
paratus used are described, as well as 
the details of a long series of experi- 
ments. Ten to 20% of the subjects will 
have minor complaints in an atmosphere 
containing concentrations of gasoline 
that are low but recognizable by smell. 
The substance irritating the eyes, nose, 
and throat is very volatile and largely 
escapes when the light fraction is sep- 
arated from gasoline. Serious symptoms, 
such as dizziness, nausea, and head- 
ache, are observed in the case of some 
subjects after one hour’s exposure to a 
concentration of 0.1% gasoline and air. 
Individuals find it difficult to estimate 
the quantity of gasoline in air by the 
smell and may complain of concentra- 
tions of about 0.015% in air, which is 
lower than the concentrations reported 
by the U. S. Bureau of Mines as causing 
complaint. Four men receiving 1.07% of 
volatile gasoline in air through a hose 
attached to a face mask became dizzy in 
four minutes. One subject who inhaled 
this concentration for over 7 minutes 
showed intoxication similar to that ob- 
tained with alcohol or ether. The effects 
rapidly disappeared with no disagreeable 
after-effects. 


Adsorption-Desorption Isotherm 
Studies of Catalysts. I. Supported Cata- 
lysts in the Powder and Pellet Forms. 
H. E. Ries, Jr.,,.R. A. VAN NorpstTRanp, 
M. F. L. Jonson anp H. O. Baver- 
MEISTER, Jour. Amer. Chem. Soc. 67 
(1945) pp. 1242-45. 


The pore structure characteristics of 
catalysts in the powder and pellet forms 


Petroleum Refiner—V ol. 24, No. tl 


are of considerable importance in the 
study of catalytic processes. Hysteresis 
effects observed in adsorption-desorption 
isotherm experiments are related to the 
pore structure of the adsorbent. Nitrogen 
adsorption-desorption isotherm studies 
were made at low temperatures with 
supported catalysts in the powder and 
pellet forms. The hysteresis effects were 
similar for both forms of two catalysts 
widely different in surface area. The pore 
structure responsible for the hysteresis 
effect is not produced by pelleting nor 
is it affected by subsequent grinding to 
100-mesh powder. Hysteresis extends 
from 0.4 relative pressure to Po, the 
saturation pressure. The volume of gas 
adsorbed at saturation can be calculated 
more precisely on desorption than on 
adsorption. Pore volumes calculated from 
V. data are in agreement with those 
obtained in helium-mercury displacement 
measurements. Determinations of pore 
volume by the isotherm V, method indi- 
cate that intra-granular pore volume only 
is measured. For the systems studied 
the number of layers deposited at Po is 
apparently limited not by solid surface 
forces but by the pore volume available. 


Minimum Work in Multistage Com- 
pression. H. G. Exrop, Jr. Ind. & Eng. 
Chem. 37 (1945) pp. 789-90. 


The author notes that a study of the 
literature indicates that the general con- 
dition for minimum work in multistage 
compression is not widely known. Since 
very high pressures are now being used 
in many processing operations, the 
author believes that a general met 
for establishing optimum interstage 
pressures has considerable utility. The 
best approximate method for determi 
ing interstage pressures is to equalize 
the isentropic discharge temperatures 0 
all stages. This method is valid whatever 
the intercooler terminal temperatures 
may be. The selection of interstage pres 
sures by the standard methods of equal 
izing the stage pressure ratios or the 
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pape are three heat exchangers built by 
the Alberger Heater Company, Buffalo, N.Y. 

They handle gases which enter the tubes at 
temperatures up to 1200° F. The gases are cooled 






by water circulating around the tubes through 
the shell. 
Experience has shown that Anaconda Admi- 

















n the 
eresis 
‘ption 
o the 
rogen 
tudies 
with 
> and 
were 
alysts 
: pore 
eresis 
x nor 
ng to 
tends 
, the 
f gas 
lated 
n on 
from 
those 
ment 
pore 
indi- 
_ only 
udied 
Po is 
irface 
lable. 


Com- 
Eng. 


f the 
con- 
stage 
Since 
used 
the 
thod 
stage 
The 
‘min- 
alize 
es 0 
tevef 
tures 
pres- 
qual- 
- the 


. 10 














— * 






















Three gas coolers built by Alberger 
Heater Company, Buffalo, N. Y., divi- 
sion of the Howard Iron Works. View 
of removable tube bundle shows the 
Anaconda Admiralty Condenser Tubes. 






October, 1945—A Gulf Publishing Company Publication 





For Long Life against Hot Gases 
..- ANACONDA ADMIRALTY TUBES 


ralty Condenser Tubes used in heat exchangers of ' 
this type provide longer life than the tubes usu- 
ally employed. 

In addition to a wide choice of condenser tube 
alloys, The American Brass Company offers the 
broad experience and metallurgical knowledge 
of its Technical Department in determining the 
most suitable metal for use under given condi- 
tions. Publication B-2, containing detailed infor- 


mation, sent on request. i 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 
In Canada: ANACONDA AMERICAN Brass LtpD., New Toronto, Ont. 


Buy VICTORY BONDS... 


Help assure World Peace 




















183. 






































































































Dependable Water Supply 


For America’s Railroads 


Water is of tremendous importance to rail- 
roads! A shortage—or failure of water sup- 
ply can play havoc with schedules. Mainten- 
ance engineers on practically all of Ameri- 
ca's major railroads have long insisted on— 
and use Layne Well Water Systems. These 
experienced men can—and do place abso- 
lute confidence in Wells and Pumps built by 
Layne. No other kind has yet won their 
full approval. 

The reason of such broad and overall pre- 
ference is almost too obvious to mention. 
In advanced engineering design alone, 
Layne Well Water Systems are far ahead of 
competitive makes. But it is the genuine rug- 
ged quality and long trouble free life of 
Layne water producing equipment that wins 
and holds the achat thanks of all owners. 

Layne Well Water Systems are serving 
all types of industry—thousands of cities, 
irrigation projects and the world's largest 
mines—not only the United States, but in 
practically every foreign country on the 
globe. 

Right now, Layne is back on full time 
service for civilian needs. If you need a 
modern and highly efficient water system, 
write or wire for further facts. For litera- 
ture, address, Layne & Bowler, Inc., General 
Offices, Memphis 8, Tenn. 


HIGHEST EFFICIENCY 


Layne Vertical Turbine Pumps are 
now available in sizes to produce 
from 40 to 16,000 gallons of water 
per minute. Their high efficiency 
saves hundreds of dollars on power 


cost per year. 


‘ AFFILIATED COMPANIES: Layne-Arkansas Co., 
* Layne- we 
m, ’ 


van kL Ark. 


§ Norfolk, 
Va. Tenn. 

I 

I 








WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 
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stage work. will usually be satisfactory 
when. the working substance is_inter- 
cooled to initial temperature. ‘he con- 
clusions of the article are based solely 
upon a consideration of fluid properties, 
and are valid if the compression effi- 
ciency can be assumed constant for all 
stages. Modifying influence of such fac- 
tors as volumetric efficiency, pressure 
drop in heat exchangers, etc., have been 
neglected, and their effect must be esti- 
mated from experience by the practical 
design engineer. 


Corrosion Control with Threshold 
Treatment. G. B. Hatcu anp O. Rice. 
Ind. & Eng. Chem. 37 (1945) pp. 752-59. 

The authors describe two small vol- 
ume batch tests to be used in deter- 
mining the amount of glassy phosphates 
required-to protect metal surfaces from 
corrosion. These tests were found to 
yield results amenable to the same inter- 
pretation as those fram continuous flow 


tests. By means of these batch tests the 
effect of intermittent motion, tempera- 
ture, couples, and inhibitor reactions 


upon inhibitive action of the glassy phos- 
phate can be determined. Tests of the 
inhibitor were_made in brines as well as 
m water. 


Threshold Treatment of Water Sys- 
tems. G. B. Hatcu anv O. Rice. /nd. & 
Eva, Chem. 37 (1945) pp. 710-15. 

The threshold treatment of water is 
important in numerous applications, as 
in oil refinery water systems, air condi- 
tioning systems, power plants, subsurface 
brine disposal, and the like. Corrosion 
and the deposition of calcium carbonate 
and iron oxide in water systems can be 
controlled by treatment with low con- 
centrations of the molecularly dehy- 
drated phosphates. For the prevention 
of scale, maximum efficiency is obtained 
by the maintenance of 2 p.p.m. of the 
glassy phosphate in the water. For the 
prevention of iron deposition, the phos- 
phate must be added before the iron- 
bearing water is exposed to air; a ratio 
of phosphate to iron of 2 to 1 is gener- 
ally required for this stabilization. When 
threshold-treated waters are passed over 
metal surfaces, protective films are 
formed on these surfaces; the rate of 
formation of these films is a function 
of the rate of supply of the glassy phos- 
phate to the metal surface. Adsorption 
of the glassy phosphates upon solid sur- 
faces plays an important part in all of 
the applications of threshold treatment. 


Sodium Nitrite as Corrosion Inhibitor 
for Water. A. Wacnuter. Ind. & Eng. 
Chem 37 (1945) pp. 749-51. 


Sodium nitrite is a highly effective 
corrosion inhibitor for water and under 
many conditions can completely sup- 
press the corrosion of steel. Although 
the mechanism by which sodium nitrite 
functions as an inhibitor is not known 
with certainty, the evidence indicates 
that it acts as an oxidizing agent to pro- 
duce a thin tenacious film of ferric oxide 
on anodic areas, and does not remove 
oxygen in the manner of sodium sulfite. 
The concentrations of nitrite required 
for pronounced inhibition vary with the 
severity of conditions and the pH and 
composition of the water. Sodium nitrite 
can completely prevent corrosive attack 
on steel in sodium chloride solutions and 
in aqueous alcohol solutions. It is also 
effective on steel that is covered with 








processing 
plants designed and constructed by 
Petroleum Engineering, Inc. during its 
16 years of service to the industry. 


One of numerous gas 


Petroleum Engineering, Inc. Offices: 


Tulsa and Houston. 
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TO HELP SOLVE YOUR PROBLEMS 


TANKS, KILNS, ABSORBERS, RETORTS, agp soessom nem reern 
SCRUBBERS, TANK CARS, STILLS, 
PRESSURE AND VACUUM VESSELS— 


You name it — we'll build it! The 
Plate and Welding Division is com- 
pletely equipped for any plate fab- 
rication, from any metal, welded or 
riveted. Facilities include X-ray, 
heat-treating, stress-relieving, and 
an experienced Erection Depart- 


ment. Write for details. 


DIGESTERS, HEATERS, ACCUMULATORS, AUTOCLAVES, CRYSTALLIZERS, CONDENSERS, BINS, HEAT EXCHANGERS, 
MIXING KETTLES, PREHEATERS, STACKS, PENSTOCKS, SCRUBBERS, PLATE FABRICATION OF EVERY KIND 


PORTATION CORPORATION 


PLATE AND WELDING DIVISION 


Building, New. York 17, New York 
St. Louis . . . Salt Lake City ... San Francisco ... Tampa... Washington, D. C. 
and Louisville, Kentucky 
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Quicker 
Way to 


Clean 
THIEVES 


for Re-Use 











Here is how thousands of sample 
bottles are washed daily for re-use 
at many leading refineries: 


Equipment consists of two steel 
tanks, a circulating pump and a 
spray washing chamber. One tank, 
heated by a closed steam coil, con- 
tains a solution of an Oakite alka- 
line cleaner. The other tank contains 
a mixture of an Oakite solvent-type 
cleaner and kerosene. Racked bot- 
tles are placed in the washing com- 
partment and are showered on the 
inside and outside with the alkaline 
cleaning solution. Bottles that con- 
tained heavy oil or asphaltic materi- 
als are first sprayed with the Oakite 
solvent mixture and then with the 


alkaline solution. They are rinsed * 


with hot water and allowed to dry 
of their own heat. Both cleaning 
solutions are returned to tanks and 


re-used. 


The fast, thorough cleaning action 
and long life of the Oakite solutions 
have proved this method's efficiency 
to these refineries. This modern 
Oakite cleaning technique, installed 
in your refinery, will quickly pay tor 
itself in savings of manhours and 
low cost of operation. Upon receipt 
of your request, we'll gladly send 
you full information on this scien- 
tific Oakite method. 


OAKITE PRODUCTS, INC. 
508 Thames Street, New York 6, N.Y. 
Technical Service Representatives Located in All 
Principal Cities of the United States and Canada 








rust scale. The corrosion of many of the 
common ferrous and nonferrous metals 
is either inhibited or not adversely af- 
fected by the presence of nitrite. The 
use of nitrite as an inhibitor in prevent- 
ing the internal corresion by water of 
gasoline pipe lines and lines for other 
petroleum products has been described. 
It is now being employed in over. 32% 
of the total gasoline pipe line mileage in 
the United States. 


Bulk Oil Measurement. E. Stokoe. 
Jour. Inst. Petr. 31 (1945) pp. 224-32. 


_ The author gives a general descrip- 
tion of the gauging system used in bulk 














oil measurements in various types 
containers, including vertical tanks, ho 
zontal tanks, floating roof tanks, sp 
roidal and spherical tanks, and sl 
tanks. Methods of calibration are bri 
considered. Gauging by means of dig 
ping, by gauge glasses, and by ullaging™ 
or difference, is described. Sampling of 
tank contents and temperature measure 
ment are described. Special gauging 
methods for floating roof tanks and fg 
pressure tankage are considered. Several! 
typical gauging problems are discussed. 
Determination of the oil in pipelines ig) 
briefly considered. 1 





Products: Properties and Utilization 





Ammonia—A Fuel for Motor Buses. 
E. Krocu. Jour. Inst. Petr. 31 (1945) pp. 
213-223. 

The first utilization of liquid anhy- 
drous ammonia as a motor fuel for 
motor buses took place in Relgium dur- 
ing the year 1943. Since then eight buses 
operating on three lines have covered 
several tens of thousands of miles. When 
properly installed and when adequate 
care is taken ammonia gives excellent 
results which compare favorably with 
those previously obtained with gas-oil. 
There was no loss of power, no corro- 
sion, and no increase in lubricating-oil 
consumption. Coal gas as the ignition 
promotor for ammonia can be replaced 
by other gases or liquids, and partic- 
ularly by hydrogen. By doing so the fuel 
combination ammonia + hydrogen be- 
comes entirely independent of coal. Hy- 
drogen can be obtained from electrolytic 
cells and nitrogen from air. The neces- 
sary energy can be obtained from water 
turbines. No comparison of costs has 
been attempted, as the operations have 
taken place during a period of price con- 
trol and all kinds of restrictions that 
would not give a true picture of the 
possibilities of this fuel under normal 
circumstances. 


The Use of Mechanical Tests in the 
Design of Bituminous Road-Surfacing 
Mixtures. Part I. Dense Tar Surfacings. 
A. R. Lee anp P. J. Rincen. Jour. ‘Soc 
Chem. Ind. 64 (1945) pp. 153-64. 


In 1932 a committee was established, 
consisting of representatives of the Min- 
istry of Transport and of the British 
Standards Institution, to establish, for 
publication as British Standards, meth- 
ods for the mechanical testing of bitu- 
minous road mixtures. The paper de- 
scribes how the results of mechanical 
tests made on laboratory-prepared speci- 
mens of compacted mixtures of tar and 
fine and coarse aggregate have been 
used to establish principles of design 
of dense tar surfacing suitable for use 
on city streets and other heavily-traveled 
roads. This material is of the stone- 
filled rolled asphalt type; its perform- 
ance as a road surfacing is largely de- 
termined by the mechanical properties 
of the sand-filler-tar matrix in which 
the coarse aggregate is imbedded. Con- 
stant-load tensile tests were made on a 
comprehensive series of specimens, be- 
ginning with mixtures of filler and tar, 
then of sand, filler, and tar, and finally 
of stone, sand, filler, and tar. For each 





combination of aggregate the optimum 


tar content was found that gave maxi- 
mum resistance to deformation. Tests 
on the sand-filler-tar mixes showed that 
a linear relationship exists between opti- 
mum binder content and filler content of 
the aggregate, and that for the greatest 
resistance to deformation the proportion 
of filler in this system must be greater 
than a certain minimum, the value of 
which depends on the properties of the 
filler. The particular importance of the 
filler-tar portion of the system is demon- 
strated, and it is shown that a surfacing 
mixture containing a given set of com- 
ponents can be designed to have maxi- 
mum resistance to deformation by using 
algebraic formulas in which the starting 
point is the void content of the dry com- 
pacted filler. A graphical methad of de- 
sign is provided, and a number of typi- 
cal practical specifications are included. 
Dense tar surfacings having composi- 
tions decided largely by this method 
were laid on country roads carrying con- 
siderable army tank traffic, on a su- 
burban road, and on heavily-traveled city 
streets. Although these surfacings have 
not been long enough in service to per- 

mit drawing conclusions, their behavior 





so far is promising. It is believed that J learn 
the essential correctness of the principles Texr 
of design will be confirmed. nies: 

1 


The Effect of Mineral-Oil Pour Point 
on the Flow Characteristics of Lubri- 
cating Greases. C. W. Georci AND J. F 
O’ConNELL. Inst. Spokesman 8, No. 9 
(1944) pp. 1-2, 45. 

Experiments made with the pressure 
viscometer indicated: (1) that pour-point 
depressants in oil stocks used in soda 
base greases have no observable effect 
on the viscosity-temperature character 
istics of the resulting greases; and (2) 
that mineral-oil pour point has no if 
fluence on the _ viscosity-temperature 
properties of soda-base greases; (3) that 
the factors having a major influence Om) 
the viscosity-temperature properties ¢ 
soda-base greases are the following @ 
the apparent order of importance: (@) 
type of soda-soap structure, (b) com 
centration of soda soap, and (c) mineral 
oil viscosity. The conclusions stat 
apply only to soda-base greases, and not 
to greases made with other than sodium 
soaps. 


Separability. Characteristics of Lubri- 
cating Greases. T. G. RoeHNER AND R. C 
Rostnson. Inst. Spokesman 9, No. 2 
(1945) pp. 1, 3-5. 


The separation of the mineral oil from 
greases while in greasing appliances 
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= In the Field — Allis- ‘Chalmers engineering provides 
be practical experience and equipment which oil-men have 
at § learned to rely on, Fifteen years ago, A-C introduced the 
Texrope multiple V-belt drive— revolutionized power trans- 

mission methods with new efficiencies,’ low costs. Today, 
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| ee 
5 Besides supplying pumps and 20-inch gate valves, 
A-C engineers furnished transformers, control and other 
power equipment for electrical substations on “Big Inch” 


Longview-Phoenixville: pipeline, 


>) A-C’s Wartime Record of Engineering and 
Development Gives You Newest, Finest Equipment 


Now — Promises Even Greater Products Tomorrow! 





Allis-Chalmers gives you a new team of Texrope V-belts 
which resist heat, static, oi! and grease — deliver power 
more efficiently than ever before . . . new “Magic-Grip 
Sheaves which run smoother, won’t wobble or shear. Also, 
watch for A-C’s new line of Lo-Maintenance Motors, 


3) All Types of pumps are desigtied. aad built by A-C 
for all stages of petroleum production — well, refinery, 


pipeline or terminal. Call your nearby A-C office, or write 


ALLIS-CHALMERS, MILWAUKEE 1, WIS. 
A 1916 
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W. have always made 
testing sieves with true 
mesh openings...an accu- 
racy resulting from years 
of experience combined 
with highly skilled 
weaving. 


NEWARK Standard Sieves range in openings from 
4 inches down to 400 mesh. Diameter of sieves range 
from 3 inches to 12 inches. They are made to con- 
form to A.S.T.M., NBS and ASA specifications. 


* ,* * 


Write for our catalog...if you would like further 
information before ordering. 


NEWARK WIRE CLOTH COMPANY 


334 VERONA AVENUE © NEWARK 4, NEW JERSEY 
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may lead to a concentration of soap a 
which the devices become clogged and 
the feed of lubricant to the bearings js 
hindered or prevented. A method for the 
study of this phenomenon is described 
Study of many greases indicates tha; 
separability is determined by severaj 
factors, among which are structure, per. 
centage of soap, viscosity of mineral oil, 
time, pressure, and design of the retain. 
ing agency. The structures of greases are 
determined principally by the type of 
soap, the presence of additives such as 
petrolatum and so-called coupling agents 
or mutual solvents and by the manufac. 
turing process. The type of mineral oj 
may be a factor in some cases. The re- 
sults indicate that the separation of oj 
from greases while under pressure ip 
the course of application devices such 
as automatic cups is essentially the result 
of a filtering process. Sclection of the 
grease on the basis of the type of soap 
may not be sufficient insurance of the 
desired stability. 


Microdetermination of Carbon and 
Hydrogen. R. O. CLark Ano G. H. Stm- 
son. Ind. & Eng. Chem., Anal. Ed. 17 
(1945) pp. 520-22. 


As the result of many routine analyses 
and some experimental work, a series of 
observations on the microdetermination 
of carbon and hydrogen in organic com- 
pounds is presented and discussed in 
detail. The subject of oxvgen purity is 
discussed, and it is concluded that the 
impurities in. different lots of oxygen 
are sufficient to cause appreciable error 
in a carbon-hydrogen determination 
Therefore a preburner cannot safely be 
eliminated from the gas_ purification 
train. The subject of combustion tube 
filling is discussed, and as a result of the 
work done a tube filling containing a 
3-cm. section of platinum gauze has 
been adopted as standard. Work was 
done on the question of the elimination 
of lead peroxide from the combustion 
tube filling. It was found that lead per- 
oxide should be used. The matter of 
combustion time was studied, and it was 
found that in the case of those com- 
pounds, in the analysis of which 7:to 10 
minutes gave erratice results, the use o/ 
a vaporization time of 15 minutes gave 
good results. A bibliography of 25 refer- 
ences is included. 


Microdetermination of Carbon and 
Iydrogen. A. Stevermark. Ind. & Eng 
Chem., Anal. Ed. 17 (1945) pp. 523-26. _ 


The author describes features of his 
laboratory that are believed to he of 
value in securing accurate results m 
microdetermination of carbon and hy- 
drogen. Opinions expressed are based 
on experiences during six years in a lab- 
oratory in which 6000 microdetermina- 
tions of carbon and hydrogen are done 
a year on the average. The balance table, 
and the mounting of the balance, is de 
scribed in some detail. The balances are 
well illuminated, the balance room 18 
weatherproofed, and the entire labora 
tory air conditioned. The absorption 
tube, conbustion tube, and furnace are 
described, as well as the entire manipula 
tive procedure. ; 

Determination of Aromatics in Light 
Petroleum Distillates. H. M. THoRrNe 
W. Murpny, anv J. S. Baiy. Ind. & Eng 
Chem., Anal. Ed. 17 (1945). pp. 481-86. 


The aromatic hydrocarbon content of 
a hydrocarbon mixture in the gasoline 
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The full Revere facilities, 
including the Revere 
Technical Advisory 
Service, are made avail- 
able to you through the 


Offices listed here. 


In addition Revere 
Distributors in all parts 


of the country are eager 


fo serve you. 





COPPER ‘AND BRASS INCORPORATED 


: Founded by Paul Revere in 1801 
Executive este) oe Park ‘Ave, New York 17, N.Y. 


Listen to The Human Aacaak on the Aleieal Network 
ery hog setae -, fo ‘Sole Dp. m., oor 
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DIVISION OFFICES AND MILLS 


BALTIMORE DIVISION 
P. O. Box 2075 

1301 Wicomico Street 
Baltimore 3, Md. 
Phone: Gilmor 0222 


: Teletype: BA 164 


MICHIGAN DIVISION 

5851 West Jefferson Avenue 
Detroit 9, Mich. 

Phone: Vinewood 1-7350 
Teletype: DE 237 


ROME DIVISION 

Rome, New York 

Phone: Rome 2000 
Teletype: ROME N Y 447 


MAGNESIUM-ALUMINUM 
DIVISION 

P. O. Box 2075 

1301 Wicomico Street 
Baltimore 3, Md. 

Phone: Gilmor 0222 
Teletype: BA 164 


DALLAS DIVISION 

2200 No. Natchez Avenve 
Chicago 35, Ill. 

Phone: Merrimac 2600 
Teletype: CG 957 


NEW BEDFORD DIVISION 
24 North Front Street 

New Bedford, Mass. 

Phone: New Bedford 8-5601 
Teletype: NB 87 


CHICAGO MANUFACTURING 
DIVISION 

2200 No. Natchez Avenue 
Chicago 35, lil. 

Phone: Merrimac 2600 
Teletype: CG 957 


ROME MANUFACTURING 
COMPANY DIVISION 
Rome, New York 

Phone: Rome 2800 
Teletype: ROME NY 449 


DISTRICT SALES OFFICES 
At above Mill Points and in the following cities 


ATLANTA 3, GA. 
Rhodes-Haverty Bidg. 
Phone: Main 2142 
Teletype: AT 96 


BOSTON 10, MASS. 
140 Federal Street 
Phone: Hubbard 7190 


BUFFALO 7, N. Y. 
1807 Elmwood Avenue 
Phone: Delaware 7616 


CINCINNATI 2, OHIO 
Carew Tower 

Phone: Main 0130 
Teletype: Cl 171 


CLEVELAND 15, OHIO 
Midland Bidg. 

Phone: Cherry 3930 
Teletype: CV 572 


DALLAS 1, TEXAS 
Tower Petroleum Bidg. 
Phone: Central 8681 
Teletype: DL 88 


DAYTON 2, OHIO 
Mutual Home Bidg. 
Phone: Hemlock 3271 


GRAND RAPIDS 2, MICH. 

Keeler Building 

Phone: Grand Rapids 8-0511 
& 6-1314 

Teletype: GR 376 


HARTFORD 3, CONN. 
410 Asylum Street 
Phone: Hartford 2-3828 
Teletype: HF 87 


HOUSTON 2, TEXAS 
Mellie Esperson Bidg. 
Phone: Fairfax 7932 


INDIANAPOLIS 4, IND. 
Circle Tower 
Phone: Market 1908 


LOS ANGELES 15, CALIF. 
714 W. Olympic Blvd. 
Phone: Richmond 9314 


MILWAUKEE 2, WIS. 
626 E. Wisconsin Avenue 
Phone: Marquette 1440 
Teletype: MI 292 


MINNEAPOLIS 2, MINN. 
Metropolitan Bidg. 
Phone: Atlantic 3285 


NEW YORK 17, N. Y. 
New York Central Bidg. 
75 East 45th Street 

Phone: MUrray Hill 9-6800 
Teletype: NY 1-1222 


PHILADELPHIA 3, PA. 

Sixteen Sixteen Walnut St. Bldg. 
Phones: Bell—Pennypacker 6133 
Keystone—Race 1847 

Teletype: PH 206 


PITTSBURGH 19, PA. 
Gulf Bidg. 

Phone: Court 4342 
Teletype: PG 572 


PROVIDENCE 3, R. 1. 
Industrial Trust Bldg. 
Phone: Gaspee 8110 


ST. LOUIS 1, MO. 
Telephone Bidg. 

1010 Pine Street 
Phone: Garfield 4416 
Teletype: SL 191 


SAN FRANCISCO 4, CALIF. 
Russ Bldg. 
Phone: Sutter 0282 


SEATTLE 1, WASH. 


1331 Third Avenue 
Phone: Main 8372 
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boiling range containing no olefins oy 
diolefins can be determined from the re. 
fractive indexes for the mercury g and 
the sodium D lines, and from the den. 
sity, all determined at 20° C. The specific 
dispersion of the mixture is calculated 


by the equation: 
n en n 20 
S= —_—— xX 10° ep 


The percent aromatics in the mixture 
can then be obtained from the equation: 
S,— 122.4 
Pe mis <IO+C 


where W is the weight percent of aro. 
matics in the sample, S; is the specific 
dispersion of the sample, S, is the speci- 
fied dispersion of the aromatic being 
determined, 122.4 is the average specific 
dispersion of paraffins and naphthenes, 
and C is the correction obtained from 
Figure 3 as given in the article. The 
specific dispersions for the several aro- 
matic are: benzene, 248.4; toluene, 
241.4; ethylbenzene, 228.1; o-xylene, 
234.8; m-xylene, 237.1; p-xylene, 2382; 
and isopropylbenzene, 215.8. 



































N. G. F. Performance Grease Tests. 
Grease Torque Machine. J. R. Reynoxps. 
Inst. Spokesman 9, No. 1 (1945) pp. 1-5. 


R-S Butterfly Valves simplify the performance of the system because It was found that an apparatus de- 
f th ~ ip sc veloped at the Naval Gun Factory for 
of the minimum pressure drop, unexcelled flow characteristics and the purpose of evaluating lubricating 


reduced maintenance. greases gives reproducible results at 

. . . : normal and low temperatures and can 
The opening or closing time of the valve vane can be varied from be operated at various speeds. Packing 
the test bearings by volume was found 


one second to an interval of several minutes. Such quick or slow 
to give reproducible results. The torque 


action, coupled with the natural low head loss due to the valve de- produced by the machine is small in 
: J , . , ° comparison with the actual grease torque. 
ign deg . 
il — re large “285 ied wad ener _ pumping qpeneee and wide The machine is suitable also for evaluat- 
adaptability in the handling of a multitude of materials. ing the effect of high temperature on 
grease and the effect of additives on the 
These valves are also adapted to elevated or sub-zero tempera- torque value of the basic grease. 


tures. 15 to 900 psi. ia 
Quantitative Liquid Phase Hydrocar- 


bon Analysis by Infra-Red Absorption 








- R. R. Gorpon AnD H. Powe tt. Jour. Inst 

No. 501 Petr. 31 (1945) pp. 191-212. 
. : Spectroscopic methods provide 4 
Hydraulic Cylinder means of “finger-printing” molecules, 
Control with and hence a method of analysis, and 
. ni - have been used for many years, and i 
Declutching Unit the ultra-violet region of the spectrum 
, such methods have been used im 3 
20-inch, 125-pound quantitative manner. The use of the ultre 
American Standard violet region, however, is confined t 





the analysis of aromatics and conjugated 
. : dienes, since the paraffins and naph 
bearing equipped. De- thenes do not show any absorption i 
clutching unit (patent the readily accessible range of ultte 
applied for) permits violet wave-lengths. This is convenient 
: in that the paraffins and naphthenes @ 
operation of the valve not cause interference with the aromatit 
with either the hand and olefin analyses. In the infra 
wheel or the hydrau- region of the spectrum all types 
3. ‘ hydrocarbons absorb radiation, so tia 
lic cylinder. in order to avoid too great a complexit 
e in the absorption spectra obtained fre 

such mixtures, it is necessary to Hf 

the number of absorbing components® 
VALVE DIVISION seven or eight. The infra-red has ™ 
been used quantitatively until recently. 


R-S PRODUCTS CORPORATION owing chiefly to expérimental difficulties 


120 Berkley Street «+ Philadelphia 44, Pa. No standard infra-red spectrometer § 
available, and each research worker ha 


built his own instrument, in consequent 
of which the spectra of pure materia 
recorded are peculiar to the instrumet! 
used with regard to the absorption * 
tensity scale, though not, of course, Wi 
respect to the positions of the absorptio 
maxima on the wave-length scale. 





cast iron valve, ball 



































































BUTTERFLY VALVES 
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Here’s how one refinery 


Wan a refinery in Texas required storage 
facilities for its volatile hydrocarbons, it chose 
the two Hortonspheroids shown in the striking 
view on the opposite page. This type of storage 
tank is used by many refineries for handling 
hydrocarbons that range in volatility from motor 
gasoline to natural gasoline, because they assure 
maximum protection against evaporation losses 
at minimum cost. 

The Hortonspheroid provides several distinct 
advantages not found in other methods of pre- 
venting evaporation losses from volatile prod- 
ucts. They are: ' 

Dependable Operation—If the vent valves 
and other fittings are inspected regularly and 
kept in good working condition, the Horton- 
spheroid will operate under all climatic condi- 
tions with little or no maintenance costs, since 
there are no moving parts to get out of order. 

Low Operating Cost—The Hortonspheroid 
operates as a plain storage tank. No power is 


& IRON COMPANY 


NEW YORK : 


PHILADELPHIA e- 
* WASHINGTON bd 


October, 1945—A Gulf Publishing Company Publication 


SAN FRANCISCO 
ATLANTA 


used for compressing, refrigerating, etc., and 
the services of-an operator are not required. 


Durability—The rich vapor mixture main- 
tained in the Hortonspheroid at all times helps 
to prevent corrosion of the shell and roof plates. 
Hence the interior of the tank ‘is “sealed off” 
from normal atmosphere conditions. and the 
tendency toward corrosion is greatly minimized. 


Fire Safety—The air vapor mixture above 
the liquid surface in the Hortonspheroid usually 
has a richness above the explosive range, hence 
the danger from fire is minimized, 

Write our nearest office for our new Bulletin 
E describing the Hortonspheroid in detail. 












protects its volatile products 


fom thyporian loner 





195 





































for the handling of all 
inflammable gases and liquids 


Throughout industry in general, the use of inert gas is 
finding rapidly expanding safety applications. Its use can 
greaily reduce the hazards of processing, handling, and 
storing explosive and inflammable gases or liquids. 


The Roots-Connersville Inert Gas Generator is a simple, 
dependable machine for producing this oxygen-free gas at 
low cost. Uses oil or gas for fuel. Portable or permanently 
installed models. Capacities from 1,000 to 100,000 c.f. hr. 


Shown in photo is an interesting application of an “R-C” 
Inert Gas Generator installed in a prominent synthetic rub- 
ber plant. In this instance the inert gas is used for repressur- 
ing hydrocarbon tank cars, blanketing butadiene and sty- 
rene storage tanks, and purging processing equipment. 


Let us discuss the possibilities of applying this modern 
safety measure to your operations . . . no obligation. 


\ 


ROOTS-CONNERSVILLE BLOWER CORP. 


ONE OF THE DRESSER INDUSTRIES 
510 Crescent Avenue, Connersville, Ind. 


1 


WRITE FOR BULLETIN 100-B-14 






















effort is made in the paper to evaluate 
such factors as cell zero, the effect of 
scattered radiation of short wave lengths, 
and the variations of absorption with 
thickness of absorbing material, on a 
quantitative basis, with the object of re. 
moving the individuality among pub- 
lished spectra. The advantages of using 
a variable thickness absorption cell for 
this purpose are demonstrated. The ap. 
plication is discussed of a variable thick. 
ness absorbing cell to the infra-red ab- 
sorption analysis of mixtures containing 
five hydrocarbons. The method of com. 
putation involving the corrections de- 
scribed in the first part of the paper is 
given in detail. A numerical example of 
the application of these corrections js 
given in an Appendix to the article. 





Book Review 





Catalytic Chemistry 
Henry William Lohse, Chemical Publish. 
ing Company, Brooklyn 2, New York, 
$8.50, sold by Guif Publishing Company. 

In his foreword, E. Emmet Reid 
wrote ... “Sabatier’s Catalyst in Or- 
ganic Chemistry was a powerful catalyst 
in the study of catalysis. Many catalytic 
phenomena had been known for a long 
time. The word catalysis was coined by 
Verzelius a century ago. In the pre- 
Sabatier period the finding of a case of 
catalysis was news. Now discovering a 
reaction that is non-catalytic would be 
news—interesting, if true. Perhaps most, 
if not all, of the chemical reactions, with 
which we are acquainted go the way 
they do on account of catalysts; the 
presence of which we do not suspect. Of 
the innumerable thermodynamicaily 
possible reactions which we can write, 
probably a large proportion can be made 
to go by finding the ‘suitable catalyst’ 
or by eliminating anti-catalysis.” 

This book is an excellent summation 
what the chemist has learned about re- 
actions within the catalytic realm. His 
chapter on Catalytic Theory deals with 
all phases of a subject still under ex- 
panding investigation and use in petro- 
leum refining. The catalytic properties 
of substances are grouped in a third 
chapter. 

The fourth chapter, Specific Types of 
Catalytic Reactions, deals with the sev- 
eral processes common to refining as 
well as reactions in other chemical proc- 
essing. The accomplishments, finished 
products, from catalysis complete the 
book in a fifth chapter. 

The statement from the publisher 
classes the book as a “factual presenta- 
tion of the underlying principles 0 
catalytic phenomena and the application 
of catalytic reaction in industrial proc- 
esses. Particular attention has been paid 
to the presence of impurities in catalytic 
reaction systems and to the role 0 
traces of other metals in silver, coppet. 
iron, nickel, etc., used as catalysts.” 


Safety Program 


The National Safety Council, 20 North 
Wacker Drive, Chicago 6, has published 
a 16-page pamphlet, “Industrial Safety 
Tomorrow,” which offers a specific pro 
gram designed to help industry meet 
the threat of an increased accident toll 
in the postwar period. The publication 
was prepared under the guidance of . 
national organizations interested in 


dustrial safety. These organizations ™! 
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Now small refiners can meet anticipated 
post-war octane requirements with cataly- 
tic cracking and without paying a penalty 
for the modest size of their operations. For 
Houdry has designed and engineered a 
small TCC unit (2000 b/d to 3000 b/d) 
which, through scientific simplification, will 
produce high octane gasoline as cheaply 


as much larger catalytic units. 


The catalytic section of the small TCC 
unit illustrated is compact but complete. 
lt includes all the essentials of cat crackers 
many times its size. And the simplifications 
which have been achieved in its design 
have not sacrificed efficiency. For example, 
there is only a single elevator, instead of 
two or three, and a common vessel serves 


as reactor and storage for hot catalyst. 


Houdry Laboratories will gladly discuss 


this small T C C unit with interested refiners. 


HOUDRY PROCESS CORPORATION 


WILMINGTON, DELAWARE 
NEW YORK OFFICE: 115 BROADWAY, NEW YORK 6 


Houdry Catalytic Processes and the TCC Process ore 
available through the following authorized firms: 


E. B. BADGER & SONS CO. THE LUMMUS COMPANY 
Boston, Massachusetts New York City, New York 


BECHTEL-McCONE CORP. 
Los Angeles, Calif. 


HOUDRY & 


CATALYTIC FF 
OCESSES | 
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| est possible benefits from the process of 
| arc welding in the design and construc- 


| the use of the process as a maintenance 










clude industrial management associa. 
tions, labor unions, civic organizations, 
educational institutions and insurance 
associations. 

Actual preparation of the pamphle 
was handled by a special committee op 
postwar industrial safety, headed by 
C. R. Cox, president of the National 
Tube Company, Pittsburgh. 

The pamphlet confains a detailed lis; 
of 32 main elements of an effective in- 
dustrial safety program, grouped around 
the following topics: Safety organiza- 
tion; inspections; accident records; firs} 
aid and medical facilities; buildings and 
grounds; machinery, guards and equip. 
ment; personnel selection and training; 
maintaining interest; reemployment of 
service men and women; off-the-job 
safety. Copies can be secured from The 
National Safety Council. 


Arc Welding 


The Lincoln Electric Company, Cleve- 
land 1, Ohio, announces the eighth edi- 
tion of “Procedure Handbook of Are 
Welding Design and Practice.” The 
price is $1.50 per copy, postpaid in the 
United States; $2.00 elsewhere. 

This edition includes details of the 
most recent welding methods and tech- 
niques, many of which played such an 
important part in winning the war, and 
incorporates information that makes ob- 
solete much of the previous literature on 
welding. 

A special effort has been made to pro- 
vide complete information to help those 
in all fields of industry obtain the great- 








































tion of various parts and products and in 





tool. 

In addition to standard data on weld- 
ing symbols, speeds and costs, character- 
istics of metals, preheating, stress reliev- 
ing, approach to welded design, and 
other pertinent information, the hand- 
book includes 16 new subjects such as 
new cost tables, new welding techniques, 
mathematical calculations for new weld- 
designed structures, latest steel specifica 
tions on SAE and AISI, including Na- 
tional Emergency Steels, etc., under- 
water cutting, shop ventilation, mainte- 
nance of welding equipment, methods o/ 
testing, and filler metal specifications for 
arc welding electrodes. 

























Senator Wants Alcohol 
Plants to Continue 


In a move to keep the government 
built grain alcohol plants in operatior 
for the benefit of agriculture, Senator 
Hugh Butler of Nebraska has favorably 
reported for the Senate Agricultura 
Committee his resolution requesting the 
Secretary of Agriculture to make an im- 
mediate study to determine the advise 
bility of keeping those and other fed: 
erally-owned plants and _ facilities use 
during the war to process agricultura 
commodities. 

Pending a determination by the secre: 
tary as to the advisability of continue 
government operation of the plants, 
agencies having jurisdiction over them 
are requested to refrain from leasing, 
selling or otherwise disposing of them 
without the secretary’s approval. 

The resolution is merely a _ request 
of the Senate and does not carry th 
weight of legislation. It was prepare 
for the purpose of continuing the outlets 
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BAR OF WHAT? 


Carbon, Graphite or 
“Karbate” materials, of course! 


Corrosion Resistant 


+P No Contamination 


ment 
ratio! . ' High or Low 
. Heat Transfer 


Fabricate 


Electrical 
Conductivity 


No Deformation 
at High Temperature 


Not Wet by 
Molten Metal 


/ 


ARBON, in all f§rms, volatilizes without melting at temperatures 

far above those,encountered in commercial operations. 

The use of largy carbon blocks for blast furnace linings is an excel- 
lent example of grbon’s extraorcinary ability to retain its shape—and 
strength under pressure—at white hot temperatures. In addition, it is 
highly resistangto chemical attack by the most corrosive slags. Hence it 
has become the preferred material for many high temperature applica- 
tions in the pecallurgical and electrochemical fields. 

Graphitg's very low coefficient of thermal expansion—.0000015 per °F 
—explainsgwhy some graphite molds for ferrous and non-ferrous metals 
withstang several thousand pours without longitudinal or cross-sectional 
change.,Graphite electronic tube components, at temperatures far ex- 
ceeding operational requirements, maintain an unmatched degree of 
dimegsional stability. 

rthermore, “National” Carbon and Graphite are available as porous 
rials or in the form of “Karbate” impervious products for the chemi- 

. industries, We invite your inquiries on the many applications and 
jfallations of these highly versatile materials of construczion. 


4 The words “‘National’’ and ‘‘Karbate’’ are registered trade-marks of National Carbon Company, Inc. 
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... FUBE CLEANER DOCTOR 


You don't have to be a regular M.D. to doctor your sick 
tube cleaners. You can lengthen the life and increase efficiency of 
most war-weary tube cleaners—if you know how. It’s simple when 
you have a copy of the WILSON TUBE CLEANERS CHECK-LIST. 

This valuable six-page folder contains a list of hints on tube cleaner 
maintenance and operation that will help you get better service from 
your tube cleaning equipment. 

In addition, the CHECK-LIST contains a two-page selection guide that 
will enable you to choose the exact cutter-heads to fit your particular 
problems — cutter-heads and other accessories to replace those that 
are worn by hard wartime usage. 

Help yourself to reduce “downtime” by consulting the WILSON TUBE 
CLEANERS CHECK-LIST. Your copy will be sent on request. 


MODERN TUBE CLEANERS 
FOR THE PROBLEMS 
OF TODAY 


THOMAS C. WILSON Inc. 


21-11 44th AVENUE, LONG ISLAND CITY 1, NEW YORK 











| enced marketing men, and will report 





for agricultural commodities which the 
farmers enjoyed during the war. 
Butler admitted that there would be 
opposition to putting the governmen: 
permanently into manufacturing opera- 
tions, and commented that he “has an 
idea” that the oil industry would be glad 
to see the alcohol plants closed down, 








Standard of Indiana Begins 
Chemical Sales Research 


R. M. Prather, of Westvaco Chlorine 
Products Corporation, joined the recent. 
ly organized Chemical Products Depart. 
ment of the Standard Oil Company (Ip. 
diana) October 1 to be in charge of 
market-research activities, the company 
announced recently. 

A chemistry graduate of Rutgers Uni- 
versity in 1925, Prather has spent most 
of his business career in the paint and 
alkali industries in various research, 
sales, and managerial capacities. For the 
last several years he has been in charge 
of market research for Westvaco. He js 
a member of various marketing and eco- 
nomic associations and has been active 
for some time in the Chemical Market 
Research Association. 



























Corrosion Engineers 
Plan Meeting in May 


National Association of Corrosion 
Engineers has announced plans for its 
1946 annual meeting at Kansas City, 
May 7-9. In addition to technical pro- 
grams, there will be exhibitions of 
corrosion-resistant, corrosion-mitigation 
and protective materials in the munici- 
pal auditorium. 

The program as outlined includes 
papers on corrosion practices as devel- 
oped in representative industries, in- 
cluding oil refineries and pipe lines and 
chemical plants. 










Connolly Heads Marketing 
Council for Jersey Units 


J. W. Connolly has been appointed 
head of a newly formed marketing coun- 
cil department of Standard Oil Com- 
pany (New Jersey). He also was named 
vice president of the marketing council 
of the central sales group of the Jersey 
companies. The new department will be 
an advisory group composed of experi 












directly to the board of directors of the 
parent company. It also will be available 
to all affiliated companies for consult 
tion on marketing problems. 


Millikan Lightens Duties 
At California Tech 


Robert A. Millikan has retired as a¢- 
ministrative head of California Institute 
of Technology, having been chairman 0 
the executive council since 1921. He wil 
continue as vice president of the boar 
of trustees, and will assist in public 
relations work and institutional develop 
ment. He plans to devote much time 
his own research and writing. 

Millikan was awarded the Nobel Pri 
in physics in 1923 for his research into 
the cosmic ray. 


R. V. LeSueur Dead 


Richard V. LeSueur, president and 
chairman of the board of Imperial 
Limited, died at Toronto, Canada, Se 
tember 2. He was 64. 
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= Head 
pair made 


pose uth 
SMOOTH:ON No.1 


A nut backed off the high-pressure 
piston rod of a tandem-compound 
engine in a New York plant, tearing a 
3-inch hole in the cylinder head. With 
the engine’s peak load only a few hours 
away, an emergency repair was vitally 
necessary. 

The broken parts were coated with 
Smooth-On No, 1 Iron Repair Cement 
and put back together. The steam chest 
cover of an out-of-service pump was 
bolted over the damaged cover with long 
bolts. A set screw inserted through the 
center of the reinforcing cover held the 

en section tightly together, The 
engine went back in service and oper- 
ated successfully until a new head could 
be obtained, several weeks. later. 

No wonder that for the past 50 years 
Smooth-On No. 1 has been a standby 
with engineers, maintenance and repair 
men for stopping leaks, sealing cracks, 
tightening loose parts and fixtures. Get 
Smooth-On at your supply house. Sizes 
from 7-oz, up. If they haven't it, con- 


tact us. 
SHOWS REPAIRS 


Famous 40-page Smooth-On 


Repair Handbook descrives 
many ingenious, short-cut 
equipment repairs. 170 dia- 
grams. Clear directions \ 
book every engineer needs 
Send coupon for your copy 





HANDBOOK 




















Smooth-On Mfg. Co., Dept. 11 
570 Commun nipaw Ave., 
Jersey City 4, N. J. 

Please send SMOOTH-ON 
HANDBOOK 


Name... 





Do it with 


SMOOTH-ON 











About 


EQUIPMENT — SERVICE) 


Suppliers 


year with The Lummus Company in the 





Hull Joins Pittsburgh-Merco 
Nordstrom Sales Organization 


Waldo S. Hull has joined the sales 
organization of Pitts- 
burgh Equitable Me- 
ter Company- Merco 
Nordstrom Valve 
Company, and _ will 
handle sales and 
service of gas meters 
and regulators and 
valves in the Phila- 
delphia and Wash- 
ington trading areas. 
He will have head- 
quarters at Philadel- 
phia. 

Hull 
ated 


associ 
Central 
New York Power 
Company from 1927 to 1942, and was 
superintendent of gas transmission and 
regulation in the Utica area when called 
to Washington in October, 1942, by 
War Production Board. He served in 
Washington as senior industrial engi- 
neer in the gas materials section, con- 
cerned largely with assigning priority 
ratings 


was 
with 


W. S. Hull 


Houlton Heads Votator 
Technical Service Department 

The Girdler Corporation, 
Kentucky, announces 
promotion of Dr. fe 
Harold G. Houlton to | 
manager of Votator’s 
technical service. 

Among Dr. Houl- 
ton’s important new 
responsibilities are 
maintaining close 
personal contact with 
major research 
groups in the process 
industries; selection 
of additional fields 
for research and de- 
velopment by Vota- 
tor, and the study, 
evaluation and accumulation of 
data for new or outside processes which 
the division may acquire as part of its 
postwar program, 

Dr. Houlton obtained his Ph. D. in 
chemistry at the. University of Wash- 
ington, and was associated with the 


Louisville, 





Dr. H. G. Houlton 


process 


process development department of 
Proctor & Gamble before joining The 
Girdler Corporation’s Votator division 
in 1942, 


Clark Houston Distributor for 
Strong, Carlisle & Hammond | 


Harry E. Clark & Company, Shell 
Building, Houston, has been appointed 
by Strong, Carlisle & Hammond Com- 


pany, Cleveland, as distributor for its 
steam specialties. 

Harry E. Clark has been a manufac- 
turers’ representative in Houston since 
1938, and prior to that time owned and 
operated refineries at Laredo and Corpus 
Christi. Now associated with him is J. 
Doug Toole, who has been sales engi- 
neer with Norvell-Wilder Supply Com- 
pany since his graduation from Texas 
A. & M. College in 1936, except for one 


















Houston area. 


Harry E. Clark & Company plans 
establish a sales and service branch a 
Dallas in the near future. 


Bass Directs Distribution 
For Dresser Industries 
Roy A. Bass has recently been ap 


pointed director of 
distribution for 
Dresser Industries, 
Inc., Cleveland, Ohio, 
a new post. Dresser 
Industries is the par- 
ent organization. of 
14 companies serving 
oil, gas and industri- 
al markets and has 
22 plants located 
throughout the coun- 
try. 

In this position he 
will -be responsible 
for the national pro- 
gram of Dresser and 


its member companies in the establish- 
ment and expansion of distribution in 


industrial centers. 


An engineering graduate of Cornell, 
Bass has been active in marketing fora 
Before assuming his 
was Buffalo district 
sales manager for Ross Heater & Man- 
ufacturing Company, Buffalo, with which 
he has been connected for the past 1! 


number of years. 
present duties, he 


years. 


Rand Elected President 
Monsanto Chemical Company 


William M. 
president of 
pany, 


Rand 


man of the 


since 1921, 


David F. 
president — sales, 
United States Steel 
Corporation of Dela- 
ware. He has been 
acting vice president 
since June 20, 1945, 
during which time he 
continued as vice 
president in charge 
of sales for Carne- 
gie-Illinois Steel Cor- 
poration. 

He began his ca- 
reer as an office boy 
in the corporation’s 
New York office late 
in 1918, and served 


in various capacities with the real estalé 
department of Carnegie Steel Compa! 
until 1927 when he was transferred 
the sales department, entering the com 
After working 4 * 
salesman in four territories, he was ~. 
vanced to assistant district manage 
sales at Cincinnati, following which li 


pany’s sales school. 
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has been 
Monsanto Chemical Com 
succeeding Charles Belknap wh 
will continue with the company as chair 
executive committee. 
Rand has been with the organization 
has been a vice presiden! 
eight years and a member of the exect 
tive committee since 1943. 


U. S. Steel Elects Austin 
Vice President, Sales 
Austin has been elected vict 
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Type CG Worthite centrifugal pump... open impeller... 
capacities to 3000 GPM... heads to 150 ft. Bulletin 
W-350-BIF. 


Type CQ Worthite centrifugal general-purpose pump. . . 
capacities to 600 GPM... heads to 130 ft. Bulletin 
W-350-B3F. 


PUMPING CORROSIVE LIQUIDS 











Type HBLC Worthite centrifugal pump... vertically split 
-.. Capacities to 240 GPM... heads to 540 ft. Bulletin 
W-341-B7A. 


Type HR centrifuga! pump . . . capacities to 1800 GPM 
. «heads to 900 ft. ... temperatures to’ 800°F. . .. 
pressures to 750 PSI. 


Worthington Corrosion-Resistant Centrifugal 
Pumps Cover the Broadest Range 


Throughout its long pumping experience, Worthington 
has analyzed and solved many refinery corrosion and 
abrasion problems. As a result, the corrosive liquid or 
corrosive-abrasive slurry now troubling you can probably 
be successfully handled by a Worthington Centrifugal 
Pump. 


Most corrosive conditions fall within the range of - 


standard Worthington Chemical Pumps. Worthite has 
also proved economical to use in severe corrosive-abrasive 
conditions. 

Worthite . . . a high-nickel, high-chromium, molyb- 
denum, low-carbon alloy steel . . . is widely recognized 


as giving maximum resistance to both corrosion and abra- 
sion. Worthite parts . . 


. valves, plugs, bars, etc. ... 
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may prove to be the answer to your difficulty. 

To learn whether there's more worth in Worthengton, dis- 
cuss your problem with a Worthington Pump Applica- 
tion Engineer —without cost or obligation. Write Mtmese 
today or telephone the nearest of our 36 branch y \ | 
offices. Worthington Pump and Machinery Corpo Gem 
sation, Harrison N. J. uy 


WORTHINGTON 


SSF .~ac > 
—TWH OSS 
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A AL TI 


TO USE FOR AUTOMATIC CON- 
TROL OF LIQUID OR GAS FLOW 


TO USE IN THE REFINERY 


There’s no surer way to automatically stop 
the flow of liquid or gas through a pipe than 
by means of a solenoid valve. Likewise, there's 
no surer way to automatically open a closed 
line. ASCO Solenoid Valves are designed to 
open or close on application or interruption 
of current to the solenoid. They are built of 
materials to withstand corrosion and high 
temperatures. 


And most of the ASCO Solenoid Valves are 
available in explosion-proof design, Under- 
writers’ approved for Class 1 Group D, hazard- 
ous locations, making them safe to use in 
refineries and petrol-chemical plants. 


Designing and making solenoid valves has 
been our business for more than forty years. 
We know solenoid valves and their proper 
application. Write us in detail about the 
flow of liquid or gas which you would like 
to have controlled automatically. 


We also manufacture a qual- 
ity line of Automatic Transfer 
Switches, Remote Control 
Switches, Contactors and 


Relays. 





Aulomatic Switch Co. 


41-F East 11th Street, New York 3, N. Y. 
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served successively as district manager 
of sales at Cincinnati, Pittsburgh, and 
Chicago. He was elected January 1, 
1038, ss vice president in charge of sales 
for Carnegie-Illinois Steel Corporation, 
in which capacity he served until his 
current advancement. From January, 
1942, until July, 1943, he served with the 
War Production Board, becoming sue- 
cessively assistant director, deputy di 
rector, and acting director of the board's 
steel division. 

Thomas J. Hilliard has been elected 
vice president in charge of sales of Car 
negie-Illinois Steel 
Corporation. Hilliard 
has been general 
manager of sales 
since 1938. He will 
be succeeded by J. 
Douglas Darby, who 
has been manager of 
sales for the com- 
pany in.Philadelphia 
since 1939. Two other 
sales department staff 
changes announced 
are Paul Selby as 
assistant general 
manager of sales and 
Wesley C. Bobbitt as 
manager of sales in Philadelphia. 

Hilliard has been with Carnegie-I 
nois since 1936. He was in the oil b 
ness from 1919 to 1931 and later becaf 
executive vice president of Standaj 
Steel Spring Company. a 

Darby was assistant to vice presidg 
of sales of Alan Wood Steel Comp 
prior to joining Carnegie-Illinois | 
years ago. Selby has been with the com 
pany since 1907. Bobbitt started ag 
sales engineer in the Philadelphia offi 
in 1936. 7 


Wacker Named General Ma 
C. J. Tagliabuve Division 


E. D. Wacker has been named gen 
eral manager of C. J. Tagliabue Div- 
sion of Portable Products Corporation, 
Brooklyn, New York. He has been with 
the Tagliabue organization 22 years and 
during the past 8 years has been general 
sales manager. His successor in the 
sales position has not been announced 
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T. J. Hilliard 


McColl Executive Vice President 
American Locomotive Company 


Robert B. McColl has been elected a 
executive vice president of American 


Locomotive Company, and is succeeded not 
as vice president in charge of manufac- Thi 
turing by W. L. Lentz of Schenectady l 
who directed the company’s tank and lo- atin 


comotive manufacturing program there 


the past five years. a 
McColl is a member of the Institute ol diss 

Mechanical Engineers, London, and has Shu 

been engaged in locomotive manufacture 

since boyhood when he started as an Sary 

apprentice with the Glasgow and South- 

western Railroad in Scotland. After 4 Bac 

period with the original builder of the stud 


steam locomotive, Robert Stephenson 
and Sons in .Darlington, England, he posi 


went .with the Montreal Locomotive poss 
Works in Canada, an affiliate of Amefi- 
can Locomotive Company. After World exte 


War I he was with Armstrong Whit- 
worth Company in England but soon re 
turned to this side with American Lo 
comotive Company as assistant manager 
of the Schenectady works. He since has 
been successively manager of this plant, 
president of the company’s diesel-engin¢ New 
division, known as the old McIntosh XK. 





















Look at the “before and after’ pictures above and 
note the condition of the open box condenser tubes. 
This heat exchanger was returned to its original oper- 
ating efficiency in a few hours because the proper sol- 
vent, reaching every part of the equipment, quickly 
dissolved and disintegrated the insulating deposits. 
Shut down time was further reduced as it was unneces- 
sary to dismantle and reassemble the unit. 


Back of every Dowell chemical treatment is careful 
study of the equipment, the metals involved and com- 
position of the scale or sludge. Every Dowell engineer 
possesses knowledge based on years of experience and 
extensive technical resources. 


DOWELL INCORPORATED 
Subsidiary of The Dow Chemical Company 
Executive Office, Midland, Michigan 
GENERAL OFFICE, TULSA 3, OKLAHOMA 


New York « Philadelphia « Cleveland « Chicago « St. Louis « Houston 
Kansas City « Wichita « Mt. Pleasant, Michigan « Salem, Illinois 
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IN ALL TYPES 
OF INDUSTRIES 
RELY ON 


PALMER 


PALMER “Red-Reading-Mercury” Thermometers are created by 





for Temperature Indication and Recording that are dependably 
accurate . . . ALWAYS. 


Leaders in practically all Industrial Fields, with- 


maintenance and rugged construction make 
them a basic part of many of the world’s finest 
products. 





Whether it is a “Red-Reading-Mercury” Indus- 
trial Thermometer, a PALMER “Superior” Re- 
cording or Dial Thermometer, engineers all 
over the world specify PALMER for accuracy 
and dependability. 


Let us help you solve your Peacetime Tempera- 
ture problems. 





Write for Catalog 


| tthe United States. This plant likewise 


the skilled hands of Master Craftsmen, who produce Instruments | 


out exception, use PALMER Thermometers in | 
the products they make. Easier reading, lower | 


} ant 





W. L. Lentz 





R. B. McColl 


and Seymour Corporation, president of 
Alco Products Division of the company, 
and vice president in charge of manv- 
facturing for the locomotive company. 
During the war period, he directed the 
company’s war production program, 
which included tanks, gun carriages, lo- 
comotives, synthetic - rubber - refining 
equipment, bomb casings, shells, Navy 
forgings, and, most recently, materials 
for the atomic bomb project. 

McColl was educated at Kilmarnock 
Academy and the Science and Art Col- 
lege, in his native Kilmarnock, Scotland, 

Lentz, formerly with the New York 
Central "System, took over management 
of the Schenectady plant at the outset 
of the war and supervised conversion of 
the plant from locomotive building to 
what was at one time the country’s séc- 
ond largest tank producing arsenal. This 
plant built the first M-3 medium tank 


































cil, Winne will coordinate the engineer 
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to be produced by private industry in 





built all of the tank killers used by 
Montgomery in routing Rommel at EI 
Alamein. An aviation cadet and artillery 
officer in the last war, Lentz began rail- 
Poe ig-a, in 1913 with the New York Cen- 
tral. 

American Locomotive Company, which 
operates 10 plants in this country and 
Canada, has headquarters at 30 Church 
Street, New York. 

















Bourne Sales Manager for 
Republic Steel at Tulsa 


Henry A. Bourne has been appointed 
sales manager for 
Republic Steel Cor- 
poration in the Tulsa 
district, to succeed 
the late Hoyle Jones. 

Bourne has been 
a salesman out of the 
Tulsa office since 
joining the Republic 
organization in 1943. 
Prior to that he was 
district sales man- 
ager for A. O. Smith 
Corporation of Hous- 


_ 








ton. He _ attended 

Wharton School of 

“rar a ats T..8 H. A. Bourne 
}usiness at the Uni- 

versity of Pennsylvania, and spent five 
years in the oil busines in Venezuela. 





Winne Head of Engineering 
For General Electric Company 


Harry A. Winne, vice president ™ 
charge of engineering for General Elec: 
tric Company’s apparatus department, 
has been appointed vice president ™ 
charge of engineering policy for the em 
tire company. Ernest E, Johnson, assist: 
engineer of the aeronautics ai 
marine engineering division, has bee? 
named to succeed Winne. 

As chairman of the engineering coum 
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Design engineers specified stain- 
less steel for the places in this fluid 
nt catalyst cracking unit where hot 
ag corrosive gases and swirling catalysts 
create a bad corrosion problem. And 
because stainless steel resists heat, 
wear, and corrosion, this and many 
other units like it stay “on stream” 
without failure in the potential 
trouble spots. 

There are many other applications 
in industry where the use of stainless 
steel means longer life, fewer shut- 
downs, and more economical opera- 
tion. Stainless steel should be con- 
sidered whenever a metal is needed _ 
to resist heat, wear, or corrosion. 


hure 


Other interesting uses of 
published by EtectrO META 
AND CARBON CORPORATION 
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ing, scientific, and research projects of 
all departments and all laboratories of 
the company. He will also be respons. 
ible for company policy and activities jn 
connection with standards and the co. 
ordination of matters relating to re. 
cruiting, education, and transferring be. 
tween company units of all engineering 
personnel. 
Winne joined General Electric as a ) 
















































student engineer in the testing depart. 
ment, Schenectady, upon his graduation 
from Syracuse University with a degree 
in electrical engineering in 1910. Ip 
October, 1941, he was elected vice presi- 
dent in charge of apparatus design engi- 
neering and last January was appointed 
manager of engineering, the post which 
he now vacates. 


Jones & Laughlin Assigns 
Street to Export Sales 


F. A. Street, city sales representative 
at Tulsa for Jones 
& Laughlin Supply 
Company, has been 
transferred to the 
company’s export de- 
partment at New 
York, reporting to 
Park B. Turner, 
manager of the de- 
partment, at 230 Park 
— New York : 
wrnreet iganed de \ 

rick-Ree upply 
Corporation in. 1939, Pe: 
and after working in F. A. Street 
the company’s stores 
in Oklahoma and Texas had advanced 
to manager of the store at Wichita Falls 
when he enlisted for Army duty in 1942. 
Assigned to the ordnance department, 
he attended officers’ school and was 
commissioned second lieutenant. Re- 
leased from the service in 1944, he be- 
came city sales representative for Jones 
& Laughlin Supply Company at Tulsa 


Dow Chemical Company 
Announces Sales Promotions 


. Leland I. Doan, vice president and 
A self-propelled swing boom crane — modern. director of sales of The Dow Chemical 


quick, efficient, safe. Company, has announced appointment 
of Donald Williams as general sales 


manager, and Donald K. Ballman as 








The design and construction of the Krane Kar assistant general sales manager. 
Williams, who has been assistant 
combines the safety, ease of operation, and | general sales manager since 1933, joined 
p * . | the company’s sales staff in 1924 as a 
fine control of an electric crane, with the high sagiaber of the insecticides division. He 
. subsequently transferred to \Dowflake 
speed, low cost and ruggedness of a gasoline sales and was in charge of that division 
machine. from 1929 until 1933. He graduated from 


Pennsylvania State College in 1916, and 
before coming to Dow was connected 


with Philadelphia Wool & Textile As 


The low head room and short turning radius nee ome with - caanees depart- 
ip ete ment o ichigan State College. ; 

of the Krane Kar make it ideal for use inside Ballman graduated from Indiana Uni- 
the plant and shops, as well as outside in the versity in 1929 and, after working with 
: . Sears Cabinet Company of Indianapolis 

yard and for transferring loads between shops. for several years, returned to the Uni- 
: versity in 1934 for his master’s degree 
Write— in chemistry. He joined The Dow Chem- 


ical Company in 1935 in insecticide sales 
where he was largely responsible for 
marketing fungicides and wood pre 
servatives. In 1943 the technical service 


+ and development division was organize 
EQut PWM EN T/| under his managership, where he ha‘ 
> served until his present promotion. 
COMPANY, INC. Doan, who now assumes the position 
of director of sales, has been general 
sales manager for the past 16 years, 


having begun his career with the com- 
pany in 1917. He has been a vice prest 
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QOus percolated to color through Fullers Earth have a 
color stability that is not easily matched. That is an 

























P = important reason why the percolation process is pre- 
‘ase ferred in finishing lubricating oils, crystalliue waxes 
and petrolatums that must meet the highest standards. 
This finishing method also yields a product in which such 
important natural properties as oxidation stability, taste 
B.- and odor, and demulsifying characteristics are developed 
-—_ to the high level requisite to today’s stringent demands. 
Sale . 
- Percolation is a low-cost process. When Fullers Earth 
oot is used, the cost is very modest and the ease with which 
‘a the efficiency of the adsorbent can be restored time after 
a time results in very economical operating costs. Fullers 
sion Earth is applied with excellent results throughowt the 
— range of petroleum oils—from light distillates through 
ected the lubricating-oil range to the heavy residuals, waxes 
As and petrolatums. 
part: . 
Uni- Our long experience with the percolation process—and 
wie in producing Fullers Earth—has given us valuable in- 
Uni- sight into questions connected with the finishing of 
a high-quality oils. ‘The information we have is at the 
sales disposal of refiners planning to expand their finishing 
pd plants or to erect new ones. There’s no obligation, of 
rviee course. Just address 
“ 
l. 
i ATTAPULGUS CLAY COMPANY 
ears, 260 SOUTH BROAD STREET ¢ PHILADELPHIA PENNSYLVANIA 
om- 
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Check the Level 





...and Believe | What Your 
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Eyes See... aS 
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Level Gage. You read and know 
your reading is correct. You read 
and know that your eyes aren’t 
playing any tricks. 

“Readability” has been de- 
signed into both Reflex and 
Transparent Types of Jerguson 
Gages. The Reflex Gages pro- 
duce that contrasting black- 
white effect, visible at consider- 
able distance. The Transparent 
Gages give good “show-through” 
lighting effect which is particu- 
larly useful when the color or condition of the liquid must be observed. 

Yes, Jerguson Gages are exceptionally “readable.” And they’re durable, 
too, being designed and constructed to withstand high temperatures, 
high pressures and corrosion. 

Our nearest representative will be glad to give you further information. 


uJ 


JERGUSON GAGE & VALVE CO. 


87 FELLSWAY SOMERVILLE 45, MASS. 


Representatives 


Mr. J. Arthur Moore 
342 Madison Avenue 
New York 17, N. Y. 


Daniel Orifice Fitting Co. 
P.O. Box 2512 — 
Houston 1, Texas 


Associated Valve & Engineering Co. 
510 North Dearborn Street 
Chicago, IIlinois 


Bushnell Controls & Equipment Co. 
117 West Ninth Street, 
Los utr mcnaae 


a. 
220 Bush Street 
San Francisco, California 


O’Brien Equipment Co. 
2832 Olive Street 
St. Louis, Mo. 


H. R. Bowers Co. 
721 Leader Building 
Cleveland 14, Ohio 


Peacock Brothers Limited 
P. O. Box 6070 
Montreal, Quebec, Canada 


Desco Corporation 
\ Second & Welsh Streets 
Arthur Forsythe Company 
_ $00 First Ave., South Chester, Penna. 


Seattle, Washington 

i and 

921 S. W. Oak Street 
Portiand, Oregon 


Smith In3trument & Equipment Co. 
1900 East Jefferson Avenue 
Detroit, Michigan 


W. D. Emery Co. 
426 McBirney Building 
Tulsa, Oklahoma 


HERE’S something reassur- : 3 
ee about a Jerguson Liquid + £ 





dent .of the company sinee- 1936 
secretary since 1941.. He also. h 
several offices and directorships in 
ous subsidiaries. 


Brown Promoted to Head 4 
Fairbanks, Morse Pump Division 


Arnold G. Brown, formerly assistant 
manager of the Pump Divisionof Faip. 
banks, Morse & Com- 
pany, has been ad- 
vanced to manager of 
the division, to suc- 
ceed John S. King. 
King has been made 
acting manager of 
the railroad division, 
succeeding C. H. 
Wilson who is on 
leave because of his 
health. 

Brown was general 

sales manager of 
Pomona Pump Com- 
pany when it was ac- A. G. Brown 
quired by Fairbanks, 
Morse & Company last year. He is an 
engineering graduate of Syracuse Uni 
versity. He was with Pomona Pump 
Company since 1937, and for a time was 
its representative in the Southwest. 

King is a veteran in the organization, 
and in addition to extensive shop ey 
perience has been manager of sales 
offices at Chicago and New Orleans. 


American Locomotive 
Buys Beaumont Plant 


The American Locomotive Company 
has purchased Beaumont Iron Works 
Company, Beaumont, Texas, effective as 
of October 1, subject to the approval of 
Beaumont stockholders. 

This step gives the locomotive com- 
pany 7 manufacturing plants in_ the 
United States and adds substantially to 
the company’s facilities for servicing the 
oil industry in the Southwest, it was 
pointed out. The line of oil well drilling 
and production equipment now mant- 
factured by the Beaumont company will 
be continued by American Locomotive 
Company which will install added facili- 
ties at Beaumont for the servicing 0! 
its installations in refineries in this. dis 
trict. 

Lapp Insulator Company 
Acquires Chemical Pump 


Lapp Insulator Company, LeRoy, 
New York, has acquired and will mant- 
facture the “Pulsafeeder” chemical pro- 
portioning pump heretofore marketed 
by Wilson Chemical Feeders, Inc., But 
falo, New York. L. F. Wilson, inventor 
of the pump, V. H. Leopold, service et 
gineer, and other. Wilson personnel have 
become affiliated with Lapp and wil 
continue in responsibility for engineet- 
ing, manufacture, sales and service 0 
the pump. Wilson Chemical Feeders, 
Inc., is not otherwise affected by the 
transaction, and will continue its mant- 
facture and sale of filling machines and 
other products. 


| Houdry Representatives 
| Confer With Russians 


Eugene J. Houdry, president of How 
dry Process Corporation, and Arthur \ 
Danner, executive vice president of the 
corporation, with several associates, af 
in Moscow to discuss the operation 
Houdry catalytic cracking facilities be 
ing installed in Russia. The trip is being 
made at the request of the Russiams 

In order to provide aviation gasolint 
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On the job in Refineries... 





LiIMITORQUE 


VALVE CONTROL 


pany 
forks § 
ve as 
ral of 





com 
the 


fs Type S.C. *Production records, heretofore unattainable, are now being set in 


was — See * . many refineries . . . made necessary by the urgencies of war. . . 
illing : made possible by American engineering skill. Contributing much to 
mn this high output are LimiTorque Controls . . . now installed in over 
90% of the plants producing straight run or high test aviation 
gasoline, Toluene and Butadiene. These have an inherent stamina 
and dependability that permits continuous operation for unusually 
long periods without down-time for maintenance or repairs. !t has 
been found that even in cycling plants, auxiliaries or stand-bys are 
not needed. 


Further, LimiTorque speeds up operation where desired, for being 
a crank type operator, valves can be opened or closed faster than 
with a conventional control. 


LimiTorque can be applied to all types of refinery valves in- 
cluding gates, globes, plugs, cocks for high or low temperatures 
and pressures. 


ento! 
e en 
have 


wl ™ \ Investigate the many advantages of LimiTorque . . . for greater 
neer | Ti production today . . . for more economical operation in the days 
‘ to come. 


*”“Six Months Without a Shut-down.” 
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KEMP — 
NITROGEN GENERATORS 
and 
INERT GAS PRODUCERS 


In Both Standard and Special Models 
ranging from 1,000 to 100,000 CFH. 
Larger capacities to order 





[I-xtreme flexibility in operation under varying loads and 
economy of gas consumption with waste due to venting 
residues minimized. Automatic in action with every avail- 
able safety device while working always under close control 
assures the highest quality inert gas. 


Because of the many uses to which these machines may be 
assigned including the purging of all manner of pipe lines 
and containers, the blanketing of tanks, kettles and flam- 
mable liquids, and, for the inerting of all hazardous spaces 
and operations, Kemp Inert Gas Producer has established 
a standard of operation for industry. 


A specially prepared BULLETIN No. F 901.4 giving 
complete details of these unusually adaptable 
machines will be forwarded upon request. 


The ©, M. KEMP manutocturing Co. 


405 E. OLIVER ST. BALTIMORE 2, MD. 


re: Manufacturers of 
FLAME ARRESTORS ° ATMOS GAS PRODUCERS 
DYNAMIC DRYERS * INDUSTRIAL CARBURETORS, 
BURNERS AND FIRE CHECKS = STEREOTYPE POTS 






* 


facilities in the U.S.S.R., a special com. 
mission of Russian petroleum ex 

came to the United tes in 1942, ang 
ordered eight Houdry catalytic crack. 
ing units for Russia under lend-lease ar. 
rangements with.the United States. Con. 





per day is nearing completion. Houdry Bs « 
and his group plan to discuss operation 

of these units and to conduct a genera] 
discussion of refining methods. FOR 


Dean Collins Moves His 





|-Struction of approximately 25,000 barrels 





Headquarters to Shreveport PRC 
Dean Collins, service “Engineer fo; 

Pittsburgh Equitable ae 
Meter Company- ge, 

Merco Nordstrom "a J. . 
Valve Company, has Erie, 
moved his headquar- © safety 
ters from Tyler, | whicl 
Texas, to 1101 Janth- gin 0 
er Place, Shreveport, plosio 
Louisiana. The move liquid 
is to a more central The 
location in his terri- that t 
tory of East Texas, and 1 
North Louisiana and a spec 
Arkansas, Collins will t 
has had headquar- Sich 
ters at Tyler since he In ; 
joined the organiza- diese 
tion in 1937. of pe 
Trimount Instrument Company - 
Appoints Sales Representatives § °)" 





Trimount Instrument Company, Chi- § plates 
cago, recently has announced appoint- § that t 
ment of sales representative in Dettoit § from 
and Pittsburgh. ; ated \ 

M. N. Weber, formerly with Contin- § famm 
ental Aviation and Engineering Cor- § gid. 
poration, will represent the company in Safe 
the Detroit area, with headquarters at s 
2450 Hubbard Street, Detroit. M. § 
Jacobs, formerly instrument engineer for J 2——€ 
Koppers Company, has been assigned to Clar 
the Pittsburgh territory, and will have §@ y,.1 
his headquarters in the Bessemer build § (p, ’j 


steel, 


ing in that city. sbwer 
Republic Steel Corporation - 
Buys Drum Plant fer: } 


Republic Steel Corporation has pur @ and b 
chased The Stevens Metal Products 1200 a 
Company, Niles, Ohio, long-established The 
manufacturer of steel barrels, drums and & drive { 


other specialties. or dis 

lubricz 
United States Gauge Company drive. 
Announces Two Promotions the fi 


W. S. O’Connor, New York district design 


sales manager for United States Gauge ~ a 
Company, has been promoted to national TE 
field sales manager, to assist L. e 


Corcoran, sales manager. H. M. Baer pt In 
succeeds O’Connor in the New York ore ; 


; elimin: 
territory. the su: 
Edward Valve Appoints a 
Michigan Representative rr te 

The Edward Valve & Manufacturing into th 
Company, East Chicago, Indiana, has pias 
appointed Leatherman & Mertz as ts Pow 


representative in Michigan. The late duct; 
firm includes Lloyd R. Leatherman an¢ ‘i ct 
Charles M. Merts, and has offices in the er ar 


Book Building, Detroit 26. pe re 
educe 

Peerless Pump Division be f 
Opens Dallas Office thickn 
Peerless Pump Division of Food M* > la 
chinery Corporation, has opened an inte 


fice in Dallas, Texas, 912. Irwin-Keasle! 
Building. W. E. Griffin has been 4 





Uneven 
Ma cz 
















pointed manager of the office. of the 
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|—Safety Vent 


J. A. Zurn Manufacturing Company, 
Erie, Pennsylvania, has perfected a new 
safety vent with rupture diaphragm 
which is claimed to provide a wide mar- 
gin of protection against fire and ex- 
plosion in tanks containing inflammable 
liquids. 

These units give double protection, in 
that they are a combination vapor valve 
and rupture diaphragm. They contain 
aspecial disc or rupture diaphragm that 
will break to relieve excessive pressure 
which build up within a storage tank. 

In addition to the rupture diaphragm, 
these units have the ordinary function 
of permitting a safe escape of inflam- 
mable gases from a tank. This is accom- 
plished by means of a specially designed 
uit with perforated brass flame barrier 
plates. Exhaustive tests have proven 
that this unique feature prevents flames 
from flashing back through the perfor- 
ated vent plates into the tank where in- 
flammable liquids might be ignited, it is 
said. 

Safety vents are made in cast bronze, 
steel, semi-steel or cast iron. 


2—Compressor 

Clark Bros. Company, Olean, New 
York, announces a two-cycle “Big Angle” 
BA-17), which it claims doubles the 
power previously developed by right- 
angle gas-engine-driven compressors. It 
s built in three sizes: 5, 6 and 8 cylin- 
ler; 17-inch bore and 18-inch stroke, 
and brake horsepower rating of 1000, 
1200 and 1600 respectively. 

The cam shaft is operated by a chain 
irive from the crank shaft. The magneto 
9 distributor, the governor and the 
lubricator are driven by a separate chain 
lrive. Both chain drives are located at 
the flywheel end of the engine. This 
lesign prevents the possibility of any 
impulses emanating from the cam shaft 
being transmitted to the auxiliaries. 

The scavenging air manifold being 
cast into the upper crank case creates a 
more adequate cross-sectional area and 
eliminates unsightly air passages from 
the surface of the engine. By the device 
t casting a trough into the mounting 
flange of the lower crank case, spilled 
lubricating oil is prevented from seeping 
into the grouting, thus assuring greater 
permanency of the engine foundation. 

Power pistons are of three-piece con- 
struction. The piston head and ring car- 
tier are made of steel for high tempera- 
lure resistance. This steel construction 
reduces ring groove wear and allows the 
well finned head. to be of minimum 
thickness for the best heat transfer to 
the oil-cooled interior. The piston skirt 
'S.a symmetrical cylinder having no 
°penings or bosses in it, this preventing 
uneven expansion. The piston fin is held 
Ma carrier which forms the third part 
% the piston. The three parts compris- 
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Zurn safety vent 


ing the complete piston assembly are 
united by heavy studs which pass 
through the pin carrier and piston skirt 
into the piston head. 

Efficient cooling throughout is main- 
tained by the improved high-velocity 
water jacketing of the dry joint cylinder 
heads and the exhaust manifold. 

Centralized control has been achieved 
by grouping the air starting lever, the 
fuel gas valve, the governor and the 
exhaust pyrometers all at one station. 


“that Fewebytle “Big “Angle” Compressor. Bethe Hie >) 





NEW EQUIPMENT 
.. MANUFACTURERS’ + LITERATURE... 


LITERATURE OR MORE INFORMATION ON 
PRODUCTS DESCRIBED ON THESE PAGES, USE THE MAILING CARD INSERTED IN THIS ISSUE 





3—Titrometer 

Precision Scientifie , Gompany, 1750 
North Springfield Awenye, Chicago 47, 
is offering a new titrometer, which ac- 
curately determines the free and com- 
bined acidity of material in either aque- 
ous or non-aqueous highly colored or 
opaque solutions. The instrument was 
originated by Shell Development Com- 
pany primarily for determining the acid- 
ity of highly complex mixtures of lubri- 
cating oils, either opaque or so dark 
that routine acidimetric color titrations 
could not be made. However, the titrom- 
eter has been found applicable to deter- 
mine the acidity of used lubricants, de- 
tergents, fats, turbine oils, oil additives, 
motor-oil sludges, asphaltenes, crude 
oils, asphalt, asphalt residues, distillates, 
distillate’ bottoms, polymers, rubber, 
vegetable and animals oils, fats, waxes, 
greases, common. solvents and other 
water solutions. The potentiometer 
method is reliable and reproducible, and 
the titration media is capable of dispers- 
ing or dissolving sufficient qtantities of 
the water-insoluble materials under test. 

The operation is similar to that of the 
pH determination. The instrument has 
two complete titration stands. The alter- 
nating current operated electrometer al- 
lows the use of any electrode system in 
aqueous or non-aqueous solutions. The 
calomel-glass electrode is readable to 
within 0.02 pH units. The titrometer is 
equipped» with-meter seales and poten- 
tiometer ‘Circuits which give a range of 















Consult With Us NOW... 


—if you are contemplating the purchase of 
@ gas holder. It will enable us to fill nec- 
essary requisitions for materials and there- 
by facilitate earliest possible erection as 
soon as materials are available. 

The Stacey Brothers All-Welded Panel Type 
Holder licks the problem of internal corro- 
sion behind vertical legs and between laps 
—in addition to imparting greater rigidity 
and strength to the holder. 


The STACEY BROTHERS 


GAS CONSTRUCTION CO. 
One of the Dresser Industries 
$535 Vine Street, Cincinnati 16, Ohio 






A 1,000,000 cu. ft. S 


Brothers All-Welded Panel 
Type Holder installed in a Florida city. 


GAS HOLDERS 





MULTI-METAL Wire Cloth 
employs the widest possible 


Pure Nickel, Monel Metal, 
Stainless Steel in Types 304, 
316, 317 and 347. 


With this wide variety of al- 
loys and metals, Multi-Metal is 


able to produce what we be- 
lieve to be the most compre- 
hensive selection of sizes, 
weaves and meshes available to 
process industry operations —a 
selection which allows specific 
wire cloth to suit specific needs. 


or by the Roll aad the Cut Plece. 
Write for our taterim Ceteleg. 


WIRE CLOTH COMPANY 
135 New Yor 


Garrison Ave 


~ 


) 


y 


Multi-Metal 


INC 


N 


Y 








Petroleum Refiner—V ol. 24, No. M™0ctober, 








For copies of manufacturers’ literature 
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Precision Titrometer 


— 1.65 to + 1.65 volts readable to 05 
millivolts. 

The use of sturdy glass electrodes and 
high-resistance titration media in con- 
junction with a versatile potentiometer 
capable of measuring the potential be- 
tween the electrode terminals of the cell 
having a resistance up to 5000 megohms 
insures the long life and accuracy of the 
instrument. 

The step potentiometer is used in con- 
junction with the vacuum-tube electrom- 
eter making the instrument continuously 
indicating, which requires less manipula- 
tion by the operator and enables easy 
and definite indication when the poten- 
tial reaches equilibrium. The step poten- 
tiometer gives wide range and high 
sensitivity in a single indicating meter 
and can be used for routine or special 
determination. 

No prior knowledge of the magnitude 
or sign of the potential is necessary as 
the electrical characteristics of the circuit 
and meter allow measurement of the 
system’s potential without the danger 0! 
polarizing the electrode system. Two 
titrations can proceed simultaneously 
owing to the dual feature of the system; 
and the two diverse electrode systems 
may be left permanently set up. 

The titrometer is portable, has a powé! 
consumption of 10 watts and is suitable 
for continuous duty. The entire elec- 
tronic system is shielded and enclosed 
in a metal housing. No batteries or trans 
formers are required. It has a plus 
minus charge of 10 volts in a 115-vol 
AC line, which will result in a DC 
voltage change of only + 0.1 percent. 

When determining the acidity in com 
plex mixtures the titrometer is also # 
aid in identifying the acidic constituen!s 
of the mixture, and in addition, it 
nished a record of. possible change 
taking place during sample analyses. . 

The titrometer has been found sult 
able for conducting ASTM Propose 
















NO “GLAND TROUBLE” 


Because UNITROL level Controller 


has no packing glands or 


stuffing box 


On recirculator systems of condenser hotwells, deaera- 
tors—or wherever the level of liquids must be controlled 
—UNITROL will do it more accurately! Simple . . . self- 
contained . . . this exclusive design eliminates trouble- 
making restrictive elements. Friction is minimized. 
Action is free and unhampered. Feed or drain is regu- 
lated promptly and positively. The float is linked to 
the inner valve through ratio connection, with maxi- 
mum float travel on any size valve of only 7 inches. 
ihe Available for temperatures up to 750° F.—in valve sizes 
ry as Y,” to 4”—integral casting construction—valve and float- 


ircuit . 
the cage of semi-steel or cast steel—float of seamless copper 


er Ol 


Two or stainless steel—and with the fine craftsmanship for 
ee which K & M has been recognized for 75 years. Our 


stem, 


tems Engineering Department will be glad to make specific 


om recommendations. 


. vi Write for Catalog 66¢ 

rans 

aS KIELEY & MUELLER, inc. 
‘d MANUFACTURERS OF PRESSURE AND LEVEL CONTROLS 

nt. 

com 2005-43RD ST... NORTH BERGEN, N. J. 
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Braden’s Modern Rigid 





Frame Design 





This type of welded arch construction in a building 
permits the use of lower sidewalls, when desired, as 
the trolley beams can be supported directly from the 
rigid arches. Braden’s rigid frame arch construction 
means unobstructed working space with resultant 
larger lighting areas. 


Braden engineers will be glad to show 
how the advantages of this new design 
can be fitted to your individual building 
requirements. ' 


BRADEN Steel BUILDINGS 


BRADEN STEEL CORPORATION 


1007 East Admiral Bivd., P. O. Box 1229, Tulsa 1, Oklahoma 


Subsidiary of MOORLANE COMPANY 
Branch Offices: Houston and Dallas, Texas, and Cleveland, Miss. 
. Representatives: Kansas City, Mo., Amarillo, Tex., Wichita, Kansas., 
Odessa, Tex., Oklahoma City, Okla. 
Export Agent: Russell D. Heath, Room 605, 125 Barclay St., New York 7, N. Y. 
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Method of Test for Saponification Num- 
ber of Petroleum Products by Electronic 
Titration and also for ASTM Tentative 
Method D-664, “Neutralization Number 
of Petroleum Products by Electrometric 
Titration.” 


4—Breathing Apparatus 


Scott Aviation Corporation, Lancaster, 
New York, has announced availability 
of the “Scott Air-Pak,” an apparatus 
consisting of a mask and a tank of 
compressed air for use in fire fighting 
and in hazardous atmospheres. The de- 
velopment isa result of the need for 
portable oxygen tanks for aviators dur- 
ing the war. Using a Willson mask 
which is designed for comfort and full 
vision, air is supplied from a tank car. 
ried on the user’s back. In addition to 
emergency use, it is suggested that the 
“Air-Pak” will be valuable in cleaning 
tanks, with the advantage that the work- 
man will not be restricted by an airline 
hose. 

An eight-page folder giving full de- 
tails is available from the manufacturer 


5—Gravity Indicator 


Schutte & Koerting Company, Phila- 
delphia 22, has introduced a specific 
gravity indicator for continuous indica- 
tion of a flowing sample. Flow to the 
indicator is regulated by a valve. Liquid 
rises in a heavy-walled glass tube to a 
height determined by outlet pipes, over 
flows and is returned to the process 
Specific -gravity is indicated on a stand- 
ard hydrometer within the tube. An in- 





















































SK Specific Gravity Indicator 
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23% MORE 
POWER. 





NEW FORM 
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That’s why 
Aipabool CLEANERS 


CUT TUSE CLEANING COSTS 
less down time! No tube damage! 


Balanced Rotor, Power Seal, 28% more power, New 
Form Cutters—these are the Airetool Tube Cleaner 
features that reduce tube cleaning cost .. . eliminate 
tube damage .. . reduce down time. 

The Balanced Rotor in 
Airetool’s powerful motor 
eliminates friction so that 
all power is directed 
against the load. The 
Power Seal feature stops power waste in the opera- 
tion of the motor and produces constant torque at low 
speeds, eliminates dead centers and allows the motor 
to be loaded to 50 rpm without stalling. Motor picks 
up immediately when load is released. As the result 
of the features of Airetool motors, 28% greater power 
is developed. ) 


The Airetool New Form Cutters eliminate the 
tendency of cutters to track and damage tubes. This 
is made possible by an exclusive Airetool develop- 
ment—the periphery of 
the cutter milled to di- 
vide sections of the cir- 
cumference into teeth of 
various pitch, as shown 
in the illustration, which 
prevents cutter finding the same spot in a tube wall 





during each revolution. . 

Rrinkcs ee Airetool Tube Cleaners are offered 
in a variety of sizes and styles to 
efficiently and economically meet 
every tube cleaning problem. Made 
for tubes 2 in. to 24 in. I.D.,; straight 
or curved 





HELPFUL WRITE FOR 
BULLETINS ree YOUR COPY 


Dept. R 






MANUFACTURING 
COMPANY 







AIRETOO 


Airetool & Yost-Superior Factory Bidgs. 


SPRINGFIELD 
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Ileat control in Alcorn installations is the result of re- 
search, precision engineering and design. For maximum 
production at low costs, Alcorn installations have mer- 
ited the highest praise from refineries throughout the 
world. 

Alcorn standardized heaters with capacities ranging 
{rom 8,000,000 to 40,000,000 B.T.U. are adapted for top- 
ping units, re-run units, natural gasoline, absorption, 
end rocycling units. Alcorn custom built heaters have 
been furnished for a wide capacity range up to 100,- 
000,000 B.T.U. per hour; and for every pressure and 
temperature. 

Alcorn’s 21 years’ experience is available for the solu- 
tion of your heating problems. Send your specification 


for new installations or replacements. 


ALCORN 


Combustion Company 


! Wiiiiw= SCHAFF BUILDING, PHILADELPHIA 
Melb Los Angeles + Houston + San Francisco 
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For copies of manufacturers’ literature 
or additional information on products 
described, use mailing card, at page 273. 
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tegrally.mounted thermometer provides 
for convenient temperature measuremen; 
when hydrometer is read. 

An adaptation of the SK Univers, 
rotameter, the indicator is readily jp. 
Stalled in new or existing pipe lines 
Inside and outside cleaning is accom. 
plished without disturbing pipe connee. 
tions. Packing glands are adjusted by 
cap screws. While normally supplied jp 
bronze, it may be obtained in any alloy 
on special order. 


6—Air Operated Valve 


Hills-McCanna Company, 3025 N 
Western Avenue, Chicago 18, now offers 
air operation of 
its valves in sizes 
ranging from 4. 
through 12-inch. 

Westinghouse 
Flexair and/or 
Controlair controls, 
together with an 
air-actuated piston 
mounted on the 
valve, operate it. 

Flexair control 
alone provides sim- 
ple open and shut 
operation. 

Flexair and Con- 
trolair offer op- 
nosed air operation 
o as to provide 
smooth throttling 
over a range wide 
enough to permit 


Hills-McCanna easy instruments 


air operated valve. On. a 
An auxiliary a 


tank is part of the design to provide 
shut-off in the event of failure of the 
main air supply. 

A blueprint descriptive of the oper 
tion and installation is available 


7—Die Head 


Landis Machine Company, Waynes 
boro, Pennsylvania, announces an if 
proved “Landex” hardened and ground 
die head for use on automatic and sem 
automatic screw machines. The _ ne¥ 
Type LL which supersedes the Type 
head has several features which assut 
more dependable service and _ greate’ 
thread accuracy, the maker says. 

The major improvement of Type Li 
over the Type L head is the use of late 
blocks which take the place of the lock 


























Landex Type LL 
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TRIGGER-FINGER CONTROL — 


(Soon available on 10, 15 and 20-lb. Fire Extinguishers) 





I Pull out non-jamming Pick up easy-to-carry Press the trigger. 
® locking pin. Seating in extinguisher. Bal- © That’s the simple, nat- 
- two blind holes,it can’t anced design and low ural way to operate 

be turned ... the ends center of gravity make extinguisher — one 
cannot get bent over. carrying job simpler. finger does the trick. 





Get full flow at once: es Lock open—if desired. Recharge without re- 
No half-way measures ® Just move trigger for- placement parts. 
with this fast-starting ward slightly to latch Merely connect carbon 
valve...carbon diox- it in open position— dioxide supply and 
ide goes right to work! no danger of fouling. fill extinguisher up. 


ais 
oe 
4. 


Simple. safe and foolproof, this new trigger- 
‘control valve on 10, 15 and 20-lb. Kidde extin- 
guishers speeds the attack on fires. A novice 
ean operate it! Write for the full details today. 


Walter Kidde & Company, iInc., 1048 Main Street, Belleville ¢, New Jersey 


The word "'Kidde’* and the Kidde seal are trade-marks of Walter Kidde & Compaay, inc, Kidde— 
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Check “(hese 
THERMOSTIC No. 2 


Thermal Insulating 


CEMENT 4dvantages 


6. Lightness in weight. 
7. Greater structural strength. 
8. Will not deteriorate. 


9. Unusual adhesiveness to 
hol or cold surfaces. 


10. Low cost per sq. ft. in place. 















1. Higher insulating efficiency. 

2. Greater covering capacity. 

3. Ease of application. 

4. Minimum shrinkoge and 
cracking. 

5. Reclaimabie up to 1200°F. 


Thermostic No. 2 Thermal Insulating Cement is shipped 
in dry form. !¢ is easily stored, there is no danger of break- 
age and it dcs not deteriorate. Mixing and applying is a 
simple process requiring no special tools. 

Thermostic No. 2 is a most efficient insulator up to 
1800°F and where temperature does not exceed 1200°F, can 
be removed, mixed with water and reused. 

Write for information on the properties which make 
Thermostic so valuable as an insulator. 


THE M. W. KELLOGG COMPANY 


Sales Office: 225 Broadway, New York 7, N. Y Plant: Jersey City, N. J 


REPRESENTATIVES IN DETROIT 








CHICAGO 





Galvanized steel tanks with special coils for 


marine fresh water systems ~ remarkable only 
for the minimum elapsed time between receipt 
of specifications and shipment. 

You can depend upon Hicks when conditions 
require inary co-operation in designing 
and fabricating process equipment to meet 


SINCE 
I84I 


S.D. HICKS & SON CO. 


Process Division: 51 E. 42nd St., New York 17, N.Y. 
Plants; Hyde Park 36, Mass. 


t Bulletin” 









Write for our “Process Equi 
PTItittitt ttt tty 





ey 


For copies of manufogturers’ literature 
or additional information on products — 
described, use mailing card, at page 273. 








ing ring in the Type L head. The latch 
block abutments are readily reground 
after they have become worn in service 
making a quick and economical means 
for repairing the die head. The latch 
blocks in this head are positioned in the 
adjusting ring. This is a decided ad. 
vantage in that the abutments contaget 
the back face of the closing ring ip 
latching the head in the closed position 
As the die head is adjusted for differen 
diameters the latch blocks are contin. 
ually using a different position on the 
abutting surface of the closing ring with 
the result that wear of any appreciable 
amount is extended over a considerable 
length of time. 

The Type LL head comprises fou 
major parts whereas the Type L head 
had five major parts. The chaser holders 














for Type LL heads are interchangeable 
with the chaser holders employed with 


L Type. 
Type LL Landex head is available in 
the 54- and %-inch sizes. 


8—Vertical Motor 


Crocker-Wheeler Division of Joshua 
Hendy Iron Works, Ampere, New Jer- 
sey, announces a vertical drip-prooi 
motor which is rated at 40 C rise con- 
tinuous duty with a 15 percent service 
factor, designed for operation from @ 
or 50 cycle, 3 or 2 phase circuits at all 
standard voltages. At present a NEMA 
“B” flange type mounting up to and in- 
cluding the “284” frame, and a NEMA 
“C” face type mounting up to and in- 
cluding the “326” frame is available. 

All ventilating openings are shielded 
against the entrance of dripping liquids 
and falling particles. Oversize ball bear- 
ings are provided to carry thrust ip 
addition to the rotor, and the use of the 
company’s patented centrifugal bearing 
seal permits the use of softer grease for 
better lubrication and longer bearing life 

A new recessed junction box, which 

















Crocker-Wheeler Vertical Motor 


. ) Oct be 
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Factory truck carrying 700 Ib. load rammed against trucker's foot 
when he disobeyed safety rules and pulled instead of pushed. 
The blow gashed a hole in the leather of his shoe, might have 
smashed his toes. But the Lockrim* armor plate steel toe box in 
his Lehigh Safety Shoe saved him from injury. Every day such 
accidents convince workers that Lehighs give them “lucky 
toes.”’ Lehighs give them more than luck. These safety shoes 
are engineered to fit into industry. There's a particular model 
for every type of job . . . for every floor condition. That's 
why safety-minded manage- 
ment more and more looks 
to Lehigh for authoritative 
aid when and wherever 
foot and underfoot prob- 
lems occur. Why don't you? 
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Pay envelope en- 
closure with ten 
similar case his- 
tories will con- 
vince any skeptic 
that safety shoes 
pay. No advertising. Send for sam- 
ple or enough to cover your payroll 


*T M. REG 
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““GUNITE’’ 
CONCRETE LININGS 


FOR: 

BUBBLE TOWERS © STILLS © HOT OIL. 
SEPARATORS © STORAGE TANKS @ RE- 
FINERY VESSELS OF ALL TYPES @ EN- 
CASING AND FIREPROOFING STRUCTUR- 
AL STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS © REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 


GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 
1301 Woodswether Road 
KANSAS CITY 6, MISSOURI 
District Branch Office: 

228 NORTH LA SALLE STREET, CHICAGO, ILL. 


Branch Offices: 
ST.LOUIS DENVER NEW ORLEANS HOUSTON 











or additional information on products 
described, use mailing card, at page 273. 








provides ample room for making elec-- 
trical connections, is employed in the 

motor’s design. The Crocker-Wheeler 

rotor, with bars, fans and end rings cast 

in one operation from aluminum alloys, 

is used. Other features include: heavy 

cast frame construction and coils pro- 

tected with Vinylastic insulation. 


9—Refractory 


Brickseal Refractory Company, 1029 
Clinton Street, Hoboken, New Jersey, 
has issued a bulletin which describes a 
refractory coating which is applied to’ 
refractory brick-work or plastic refrac- 
tories by paint brush or spray gun. Com- 
posed of high-fusion clays and metal 
oxides combined in oils, “Brickseal” 
fuses under heat to form a highly-glazed, 
monolithic protective coating over the 
entire refractory structure. 


10——Valve Lubricant Manual 


Merco Nordstrom Valve Company, 
400 Lexington Avenue, Pittsburgh 8, has 
released a new and completely reedited 
manual, V-105, Rev. 6, which gives com- 
plete instructions in application of valve 
lubricants and lists 40 types in stick and’ 
bulk form, including a silicone type. 
More than 100 specific valve services 
are included with corresponding lubri- 
cant recommendations, for various con- 
ditions of line fluid, temperature and 
pressure. 





HIGH VACUUM GAUGES 





10 

















© Press-Microns & 








ION METER READING 


f 
7 
bed oh | | 


© 10 200 300 400 500 600 100 800’ 


IONIZATION GAUGE | 
COLD CATHODE TYPE 
Measures high vacuums with galva- 
nometer down to 10* mm. in elec- 
apparatus. tine diecheres canna 
between electrodes in magnetic field. 
* Extremely sensitive and accurate. 
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S Press-mm.Hq.- 5 


UNIVERSAL X-RAY PRODUCTS inc. 


1800-L N. FRANCISCO AVENUE 


10? The Universal line includes two types 


of vacuum gauges of special interest to 
users of electron microscopes— the 
Universal highly sensitive cold cathode 
ionization gauge and the rugged Univer- 
sal thermocouple gauge. 

Both gauges are standard equipment 
on R.C.A. electron microscopes—and can 
be supplied for other high vacuum work. 

Universal offers a complete production 
service in special glass and tube work— 
including metal-to-glass seals of all types 
and sizes. Your problems will receive our 
immediate and courteous consideration. 


THERMO-COUPLE GAUGE 

Measures low pressure levels with 
millivoltmeter which indicates variation 
in thermocouple 
voltage due to 
changes in vac- 
uum. Ideal for 
systems requiring 
rapid verification 
of high vacuums. 
Heater and instru- 
ment terminals fit 
standard 8-prong 
tube socket. 





. CHICAGO 47, ILLINOIS 





- Ohio, has issued a new booklet “Pow 
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Ross Heater & Manufacturi 
pany, 1419 West Avenue, Buffalo 13 
New York, has released Bulletin 
6509, containing information on Ro 
Standard Single-Stage Steam Jet Ejg 
tors. It includes cross-sectional drawing, 
showing materials of construction; eng, 
neering data; table of ejector capaciti 
formulas and table of air-vapor mixty 
ratings; engineering curve showing mi 
ture ratios for saturated air; data 
selecting the correct steam jet ejects 
and dimensional drawing and comg 

table of sizes, dimensions and weight 


¥ 
12——Silicones . . 


Dow Corning Corporation, Midla 
Michigan, has issued an illustrated book 
let which catalogs Dow Corning silige 
products now available. It contains rg 
charts and graphs demonstrating t 
unusual properties of. this rapidly i 
creasing family of organo-silicon-oxi( 
polymers. Forms presented includ 
fluids, greases and compounds, resi 
and varnishes, and Silastic, the Do 
Corning silicone rubber. Many industri 
uses for these heat-stable, waterprod 
materials are presented, and many mor 
will be suggested by their quite unique 
properties. 


13—4Insulation Material 

Baldwin-Hill Company, 544 Klag 
Avenue, Trenton 2, New Jersey, hi 
issued a 28-page industrial catalog whid 
describes in detail various high- ané 
low-temperature mineral-wool insula # 
tions made by the company. IIlustra- 
tions include views of applications in 
etroleum and chemical units and tanks 
=ngineering data include application 
specifications and conductivity curves 


14——Feed-Water Regulators 

An 8-page bulletin, No. 83-C, entitle 
“Bailey Thermo-Hydraulic Feed-Water 
Regulators” has been issued by Bailey 
Meter Company, Cleveland 10, Ohio. Ii 
describes improved designs of therme 
hydraulic generators and bellows-opet 
ated feed-water regulator valves, suitable 
for feed lines ranging in size from 
to 6 inches. A colored schematic illus 
tration demonstrates the thermo-hy 
draulic principle. 


15——Motor-Repair Equipment 


Ideal Commutator Dresser Compaty 
Sycamore, Illinois, has issued a ne* 
catalog. of its equipment for moto 
generator maintenance and repair 


16—Ring Gaskets 

The Steel Improvement & Fort 
Company, 970 East 64th Street, Cleve 
land 14, Ohio, recently has issued Bulle 
tin No. 45, on “Gruv-Seal” forged ir 
and alloy ring gaskets. A table show 
API and ASA ring gasket sizes. 


17—Filters 

Oliver United Filters, Inc., 33 We 
42nd Street, New York 18, has issu 
Bulletin No. 214, on filters for proce 
industries, and on acid handling 
slurry pumps. 


18—Valves 


The \Wm. Powell Company, . 
Spring Grove Avenue, Cincinnati 4 
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Valves for Corrosion Resistance,” ‘ 
scribing and illustrating a large ’ 
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RANKLIN SELECTIVE PROCUREMENT SERVICE 





















Longitudinal U-shaped channels welded permanently to the 


nt 
a tube—this exclusive Brown Fintube design greatly increases 
7 effectiveness of heat transfer, assures easier, lower cost maintenance, 
permits thinner walled tubes. Good buying—use Brown Fintubes. 
Gee Equally reliable is Franklin Selective Procurement Service—a 
a competent, alert organization that you will soon come to look 
upon as an integral part of your business; as a simple, practical, 
3 Wes business-like way to make sure of getting what you want, when 
res you want it. Good buying . . . use Franklin Service. 


"PSO SOUTH MICHIGAN AVENUE © CHICAGO 5S, tthttinois 

variel 
CLIN TET TAT ALLE LE LLL! LETTE ES 
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FRANKLIN SUPPLY COMPANY 
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Scientific R. ust Control 


PROTECT YOUR 
METAL SURFACES 





FROM 
CORROSION 
WITH 
“The Miracle Paint” 


IN COLORS AND ALUMINUM 


RUST-OLEUM PAINT CORP. 


TEXAS 
1935 COMMERCE § STREET 
RIVERSIDE 4847 DALLAS 1, TEXAS 
in Principal Cities 








McNAMAR 


Steel Plate 
Fabricators and 
Contractors 


Products Storage 


Pressure Vessels 


for more information 
See Page 371 
in Refinery Catalog 


McNAMAR 
BOILER & TANK CO. 


Tulsa, Okla 





































If you need condenser or heat ex- 
shanger repairs in a hurry call us. We 
specialize in fast, high quality work 


25 Years Successful Experience 


GULF ENGINEERING CO, INC 

















pa ae 


For copies of manufacturers’ literature 
or additional information on products 
described, use mailing card, at page 273. 





of valves available in a wide selection of 
pure metals and special alloys for corro- 
sion service. 


19——Lubrication System 

The Farvel Corporation, 3249 East 
80th Street, Cleveland 4, Ohio, is dis- 
tributing a folder titled “When You Re- 
convert,” which gives illustrated data on 
its manual and automatic types of lubri- 
cation systems for a wide variety of 
industrial equipment. 


20—Welding Accessories 


Air Reduction Sales Company, 60 East 
42nd Street, New York 17, has available 
Catalog No. 40, on Airco gas welding 
and cutting supplies and accessories. In 
16 pages it includes illustrated descrip- 
tions, engineering data and prices. 


21—Refractories 

Chicago Fire Briek Company, 1419 
North Elston Awentie)Chicago 22, re- 
cently has issued a four-page illustrated 
folder on its refractories for industrial 
furnaces 


22——Pressure Safety Appliances 


J. E. Lonergan Company, 2nd and 
Race Streets, Philadelphia 6, has issued 
an informative Bulletin 502-A, a con- 
densed catalog of its safety valves, re- 
lief valves, pressure gauges and special- 
ties. Information to facilitate selection 
is given in tabulation of specifications 
and illustration of designs. 


23——Heat Transfer 


Standard Heater & Oil Equipment 


Company, 245 Cornelison Avenue, Jer- 
sey City 2, New Jersey, has issued 

24-page bulletin which illustrates and 
describes standard heat-transfer equip- 
ment for petroleum industry, chemical 


industry, diesel and other uses. 





REFINERY EQUIPMENT FOR SALE 


Towers: Bubble, Flash, Clay. Receivers, 
Separators, Centrifuges, Tube Stills, Con- 
tinuous Treating Drums, one Clarke Gas 
Engine Compressor 100HP 533 Cu. Ft. 
per Minute. Fittings: Ammonia, Brass, 
Welding, Pipe Hangers. 


Box 610, Mt. Pleasant, Texas 

















24—Soluble Cutting Oils 


The use of a highly refined petroleum 
sulfonate blend, capable of yielding 
non-foaming, non-separating oil-in-wate; 
emulsion in the manufacture of solubl 
cutting oils, to produce emulsions wit! 
superior lubricating and cooling proper. 
ties, is the subject of one of three ney 
technical data files prepared by the De. 
partment of Industrial Research of 1 
Sonneborn, Sons, Inc., 88 Lexingtor 
Avenue, New York 16. The two othe: 
files describe the use of white mineral oj 
in Cottrell Precipitators to eliminate at 
mospheric pollution in (a) gas purifica 
tion plants and (b) sulphuric acid many 
facturing plants. 

The technical data files are standar 
file cabinet size and may be used a 
folders for filing all essential data on th 
subject of the particular file. Conveni 
ently arranged on the front of each fil 
are properties, suggested methods of a 
plication, principles of formulation and 
in the case of the file on soluble cutting 






































oils, commercial preparation of th 
product. 
25—Engines 

Sterling Engine Company, Buffalo 13 


New York, is distributing a new bull 
tin on its diesel, gasoline and gas en 
gines—stationary -and marine. 








We design and 
construct all 
types of modern 
refining units. 


. 


BORN ENGINEERING CO. 
Oklahoma 


Tulsa 














STATEMENT OF THE OWNERSHIP, MANAGEMENT, 
CIRCULATION, ETC., REQUIRED BY THE ACTS OF 


CONGRESS OF AUGUST 24, 1912, AND MARCH 3, 1933 
Of PETROLEUM REFINER, published monthly at 
Houston, Texas, for October 1, 1945 
State of Texas, County of Harris, ss 

Before me, a Notary Public in and for the State and 
County aforesaid, personally appeared A. L. Burns, who, 


having been duly sworn according to law. deposes and 
says that he is the Business Manager of PETROLEUM 
REFINER and that the following is, to the best of his 
knowledge and belief, a true statement of the ownership, 
management (and if a daily paper, the circulatioir), etc., 
of the aforesaid publication for the date shown in the 
above caption, required by the Act of August 24. 1912, as 
amended by the Act of March 3, 1933, embodied in section 
537, Postal Laws and Regulatioas, printed on the reverse 
of this form, to wit: 

l. That the names and addresses of the publisher. editor, 
manacing editor, and business managers are: Publisher, 


Ray L. Dudley, 3371 Chevy Chase, Houston, Texas; Editor, 
Grady Triplett, 2113 Albans Road, Houston, Texas; 
Managing Editor, J Kent Ridley, 612 Branard, 
Houston, Texas; Business Manager, A. L. Burns, No. 7 
Chelsea Place, Houston, Texas. 


2. That the owner is: (ff owned by a corporation, its 
name and address must be stated and also immediately 
thereunder the names and addresses of stockholders own- 
ing or holding one percent or more of total amount of 
stock. ) 

The Gulf Publishing Company, 
Anderson, Houston, Texas; A. L. 
James F. Carter, Jr., Tulsa, Okla. 
Cashman, Houston, Texas; Mrs. 
San Angelo, Texas; Estate of Dr. N. L. 


Houston. Texas; James 
Burns. Houston, Texas; 

Mrs. Mary Margaret 
Carolyn Dodson Dudley, 
Dudley. Deceased, 


Texas; Estate 
Texas; Wm. ' 


Houston, Texas; Ray L. Dudley, Houston, 
of W. S. Farish, Sr., Deceased, Houston, 
Gross, Utopia, Texas; Mrs. Anita 8S. Lane, Houste 
Texas; Chas. H. Lane, Houston, Texas; Tom W. Nels? 
Houston, Texas; Wallace E. Pratt, Carlsbad, N. M: 
Kent Ridley, Houston, Texas; Mrs. Maud G. Sterling 4 
Porte, Texas: R. P. Swinsky, New York, N. Y.; 0. * 
Waller, Chicago, Ill. 

3. That the known bondholders, mortgagees, and ' 
security holders owning or holding 1 percent or more ¢ 
total amount of bonds, mortgages, or other securities *” 

None. 

4. That the two paragraphs next above, giving the nam 
of the owners, stockolders, and security holders, if #% 
contain not only the list of stockholders and security holt 
ers as they appear upon the books of the company but als 
in cases where the stockholder or security holder appe™ 
upon the books of the company as trustee or in any other 
fiduciary relation, the name of the person or corporat! 
for whom such trustee is acting is given; also that the sal 
two paragraps contain statements embracing affiants™ 
knowledge and belief as to the circumstances and coe 
tions under which stockholders and security holders ™ 
do not appear upon the books of the company as trustee 
hold stock and security in a capacity other than that ®* 
bona fide owner? and this affiant has no reason to —_ 
that any other person, association, or corporation bas an 
interest direct or indirect in the said stock, bonds, of “ 
securities than as so stated by him. 

A. L. BURNS, Business Manas , 

Sworn to and subscribed before me this 21st a 
Ss y 9 

eptember, 1945. P. J, AvCOI 


Notary Public in and fer Harris County, Tes* 
(My commission expires June 1. i 







(Seal) 








Petroleum Refiner—V ol. 24, No IY 












